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CHAPTER 1 INTRODUCTION 
The objective of this project is to compare energy consumption and incremental 
building costs for single-family residential homes built and operated according to either the 
2000 International Energy Conservation Code (2000 IECC) or some lesser code such as the 
1992 Model Energy Code (1992 MEC). Guidance for building homes with the goal of 
reducing energy consumption is provided by the 2000 IECC (ICC 1999) and by the 1992 
MEC (CABO 1992). Presently, builders in Iowa are not mandated by law to follow these 
codes. A major obstacle to adopting a code or even making recommendations to voluntarily 
follow a code in Iowa is the lack of quantitative information comparing the codes. 
Specifically, information and data are lacking for both energy savings and incremental 
building costs. This report attempts to answer the question of how much energy savings can 
be achieved in Iowa by implementing energy savings steps described in 2000 IECC. 
At the outset of the project, 30 homes within the state of Iowa were identified to be 
included in the study. Ten homes were chosen in each of the three climate zones of Iowa to 
determine if homes were built to 2000 IECC standards or lesser standards. The initial pool of 
homeowners was obtained by writing to county engineers and zoning engineers in each of 
Iowa's 99 counties, requesting names of residents whose homes might fit the criteria. The 
ISU research team sent a letter and survey to the homeowners inviting them to participate in 
the study. The survey was used as a screening tool to ensure that a home was constructed 
within the last 20 years. The study limited the heating and cooling systems to a natural gas 
furnace and an electric air-conditioner, respectively. 
After homeowners agreed to participate, the ISU research team made arrangements to 
visit each homeowner to perform an energy audit of the home. Each home was visually 
inspected and relevant building data was estimated and/or measured. For example, the audit 
was used to obtain building size, window numbers and sizes, building layout and 
construction, orientation, landscaping, etc. Each homeowner agreed to release utility 
information so that energy consumption data could be obtained for a two-year period. The 
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natural gas and electrical energy consumption data was then used to complete the following 
tasks: 
1. Compile and tabulate raw energy data for the energy consumption analysis. Examples of 
this data are monthly energy consumption, occupancy, thermostat temperature settings, 
building dimensions and size, etc. 
2. Correlate the energy consumption data from Task 1 with weather, building size and 
temperature. 
3. Determine the energy savings associated with houses built to the 2000 IECC standards 
versus 1992 MEC standards or lesser. Compare, interpret and summarize energy 
consumption·and savings. 
4. Determine the construction and material costs associated with compliance to 2000 IECC 
and the incremental costs of using energy efficient materials versus standard materials. 
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CHAPTER 2 1992 MEC VERSUS 2000 IECC 
The 1992 MEC (CABO 1992) and the 2000 IECC (ICC 1999) are a set of standards 
that can be followed by a home builder when building an energy efficient home. Both the 
1992 MEC and 2000 IECC are divided into four major sections: 
1 Building envelope requirements 
2 Building mechanical systems and equipment 
3 Service water heating 
4 Electrical power and lighting 
Table 2.1 summanzes the differences between the two codes, with the maJOr 
differences as related to allowable air infiltration rates, duct insulation and sealing. 
2.1 Building Envelope Requirements 
The term building envelope refers to the walls, roof, floors, and any fenestrations that 
enclose the building. A fenestration is any glazed aperture in a building envelope such as a 
window (ICC 2000). 
The main purpose of the building envelope requirements section is to specify the 
thermal resistance, usually called the heat transfer coefficient U, required for components of 
the house such as the walls, roof/ceiling, basement walls, crawlspace walls, and floors over 
unheated spaces. Thermal resistance is the ability for a material to transfer heat and the units 
are Btulh·ft2·°F. The thermal heat transfer coefficient for each of the components previously 
listed can be found on appropriate charts in the energy code and is based upon the annual 
Fahrenheit heating degree days for the house of interest. 
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A single heating degree day can be calculated using the following equation 
(McQuiston 2000): 
HDD =~(t_-t~a)_N 
24 
where t = 65 °F represents a baseline outdoor temperature, ta is the average outside 
temperature (in °F), N is the number of hours for which the average temperature ta is 
computed, and HDD is the heating degree day for a period (in °F-day) (NCDC 2004). 
For example, ifthe average outside temperature, ta, over a 24 hour period on January 
15 in Des Moines, IA is 25 °F, the heating degree days (HDD) for this particular day is 40 
°F-day. Further, if the average outside temperature, ta, over a 24 hour period on July 15 in 
Des Moines, IA is 75°F, then the HDD for this particular day is 0 °F-day since HDD cannot 
have a negative value. It is worthwhile to note that if the HDD calculation results in a 
negative number, then that day is referred to as a cooling degree day (CDD). To find the 
annual Fahrenheit heating degree days for Des Moines, IA, all of the heating degree days for 
the entire year are added together. Thus, during the year 2003 the total HDD was 
approximately 6262 °F-day. For the state of Iowa, the typical heating months are October 
through May and the cooling months are June through September. 
Conveniently, the 2000 IECC has a chart that can be used to find the maximum heat 
transfer coefficient U for walls. The maximum heat transfer coefficient U is specified along 
the vertical axis and the annual Fahrenheit heating degree days is specified on the horizontal 
axis. Further, this chart has two lines on it labeled A-1 and A-2, with line A-1 representing 
single-family residential homes and A-2 representing multiple-family residential homes; 
therefore, A-2 can be neglected in the study reported herein. Additional charts in the 2000 
IECC only have one line representing both A-1 and A-2 type homes. These charts are used 
to find the maximum heat transfer coefficient U for the roof/ceiling, basement walls, 
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crawlspace walls, and floors over unheated spaces. An example which illustrates how to 
use the 2000 IECC to design energy efficient homes is presented next. 
Example 1: 
A homeowner in Des Moines, Iowa wants to determine the maximum heat transfer 
coefficient U required for the walls of his/her single-family home. First, the 
homeowner assumes that the maximum annual Fahrenheit heating degree days for 
Des Moines, IA is 7000 HDD. Using the appropriate chart in the 2000 IECC, the 
homeowner finds that the maximum heat transfer coefficient allowable for the walls 
is 0.11 Btu/h·ft2·°F. 
One advantage that the 2000 IECC has over the 1992 MEC is that it contains 
prescriptive building envelope requirements. This advantage is shown in Table 2.1 where the 
major differences between the 1992 MEC and 2000 IECC are compared. The prescriptive 
building envelope requirements are a set of tables that provide the minimum insulation R-
values for the walls, roo£'ceiling, basement walls, crawlspace walls, floors over unheated 
spaces, and the maximum glazing U-factor for the windows, all of which are based upon the 
annual Fahrenheit heating degree days and the ratio of window area to gross exterior wall 
area. The advantage of the prescriptive method is that a home builder can look up the 
insulation R-values and glazing U-factors from one table instead of referring to several 
graphs. Also, most home builders are probably more familiar with insulation R-values and 
glazing U-factors than they are with heat transfer coefficients. 
Example 2: 
A home builder constructing a home in Des Moines, Iowa wants to know the 
insulation R-values and glazing U-factor required. According to the blue prints, the 
house window area is 8% of the gross exterior wall area and there is a heated 
basement. The home builder assumes that the maximum annual Fahrenheit heating 
degree days for Des Moines, IA is 7000 °F-day. Using the appropriate table in the 
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2000 IECC for the insulation R-values and glazing U-factor required for the home, 
the home builder finds the following: 
Minimum R-values: Roof= R-38; Exterior Wall= R-16; Basement Wall= R-11 
Maximum glazing values: U-factor = 0.42 Btulh·ft2·°F 
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Table 2.1. Summary and comparison of the 1992 MEC and 2000 IECC. 
SUBJECT 1992 MEC 2000 IECC COMMENTS 
!Allowable 
0.34 cfin per 
IAir 
foot of 
0.3 cfmper 
The maximum air leakage rates for windows have been reduced 
Infiltration 
operable sash 
square foot of 
in the 2000 IECC. 
Rates for window area 
!Windows 
crack 
!Allowable 
IAir 0.5 cfmper 0.3 cfmper The maximum air leakage rates for sliding doors have been 
Infiltration square foot of square foot of 
Rates for door area door area 
treduced in the 2000 IECC. 
Sliding Doors 
!According to the 2000 IECC, ducts in unconditioned spaces such 
as attics, basements, and crawlspaces need to be insulated to R-
5, whereas in the 1992 MEC, ducts in these same unconditioned 
spaces do not need to be insulated. If the temperature difference 
between the space within which the duct is located and the 
design temperature in the duct is greater than 40 degrees 
Duct 
None R-5 
Fahrenheit then R-5 is required. If the temperature difference 
Insulation between the space within which the duct is located and the 
design temperature in the duct is less than or equal to 40 degrees 
Fahrenheit, but greater than 15 degrees Fahrenheit then R-3.3 is 
required. If the temperature difference between the space within 
which the duct is located and the design temperature in the duct 
is less than or equal to 15 degrees Fahrenheit then no insulation 
is required. 
Approved 
According to the 2000 IECC, duct sealing provisions apply to all 
Puct Sealing 
[No 
tapes and 
supply and return ducts. Only approved tapes and mastics are 
[Requirements 
mastics 
allowed for duct sealing and duct tape is not allowed as a 
sealant. 
Recessed 
No Requirements !Provisions have been added for recessed lighting fixtures for fire 
~ighting 
!Requirements Provided safety and to limit heat loss and air infiltration. 
[Fixtures 
Steel Stud !No Requirements K:riteria have been added to correct for increased heat loss from 
Framed Walls Requirements !Provided metal stud framing in exterior wall thermal calculations. 
Ventilated 
No insulation [nsulation is 
Insulating the wall of ventilated crawlspaces is not an option. If 
Crawlspace 
equired !required 
the crawlspace is ventilated, insulation on the ceiling of the 
Walls crawlspace is required. 
The prescriptive building envelope requirements are a set of 
tables that provide the maximum glazing U-factor for windows 
and the minimum R-value for components such as the ceiling, 
!Prescriptive exterior walls, floor, basement walls, etc. based upon the fraction 
!Building 
None Given 
Requirements of window area to gross exterior wall area and the annual 
!Envelope Provided neating degree days for a particular home. The prescriptive 
!Requirements building envelope requirements eliminate the difficulty of 
looking up minimum R-values for the ceiling, exterior walls, 
floor, basement walls, etc. and maximum U-factor for windows 
from multiple charts. 
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2.2 Building Mechanical Systems and Equipment 
2.2.1 Overview 
This section of the codes covers the mechanical systems and equipment used to 
provide heating, ventilating, and air conditioning. It provides the minimum performance 
rating for equipment such as heat pumps, furnaces, boilers, and air conditioners. It also 
provides requirements for the construction and insulation of the distribution system (ICC 
1999). 
The typical home in Iowa has a gas-fired furnace or a heat pump for heating during 
the winter, and an air-cooled air conditioner or a heat pump for cooling during the summer. 
The minimum performance for these components according to the 1992 MEC and 2000 
IECC are listed in Table 2.2. 
Table 2.2. Minimum performance requirements for beating and cooling equipment 
according to 2000 IECC. 
EQUIPMENT CATEGORY MINIMUM PERFORMANCE 
Air-cooled heat pumps with heating mode less than 
6.8 HSPF 
65,000 Btu/h cooling capacity 
Gas-fired or oil-fired furnace less than 225,000 Btu/h AFUE 78% 
~ir-cooled air conditioners and heat pumps with 9.7 SEER 
cooling mode less than 65,000 Btu cooling capacity 
2.2.2 Heating Seasonal Performance Factor Requirements 
The Heating Seasonal Performance Factor (HSPF) is an efficiency rating for heat 
pumps. It is a measure of the average number of Btu of heat delivered for every Watt-hour 
of electricity used by the heat pump over the heating season (ASHRAE 1991). It takes into 
account variations due to weather conditions over a season. The higher the HSPF, the more 
efficient the heat pump heating performance. Industry minimums for HSPF have been raised 
recently, and the minimum is now 6.8 HSPF. Most new units have ratings from 7.0 to 9.4 
HSPF. According to both the 1992 MEC and 2000 IECC, the minimum performance rating 
for air-cooled heat pumps while in the heating mode is 6.8 HSPF (CABO 1992, ICC 1999). 
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2.2.3 Annualized Fuel Utilization Efficiency Requirements 
The Annualized Fuel Utilization Efficiency (AFUE) is the ratio of the total useful 
heat your gas furnace delivers to your house to the heat value of the fuel it consumes 
(ASHRAE 1991). A higher AFUE rating indicates a more efficient furnace. For example, a 
rating of 90 AFUE means that approximately 90% of the fuel is utilized to provide heat to 
your home, while the remaining 10% escapes as exhaust. The U.S. government's established 
minimum AFUE rating for furnaces is 78% for products produced after July 1992 (Energy 
Guide 2002). An older furnace could be as low as 50% AFUE. According to both the 1992 
MEC and 2000 IECC, the minimum performance rating for oil-fired or gas-fired furnaces is 
78% AFUE (CABO 1992, ICC 1999). 
2.2.4 Seasonal Energy Efficiency Ratio Requirements 
The Seasonal Energy Efficiency Ratio (SEER) is a rating that denotes the efficiency 
of air conditioning equipment. It is the amount of cooling your equipment delivers for every 
dollar spent on electricity. It is the ratio of cooling delivered by a system, measured in Btu, 
to the dollar cost of the electricity to run the system, as measured in Watt-hour (ASHRAE 
1991). This ratio is determined using specified federal test procedures. It should be noted 
that higher SEER ratings result in higher efficiencies and lower operating costs. After 
January 1, 1992, the minimum SEER required by the Department of Energy, DOE, is 10 and 
15+ SEER is considered high efficiency (Energy Guide 2002). According to both the 1992 
MEC and 2000 IECC, the minimum performance rating for air-cooled air conditioners and 
air-cooled heat pumps while in the cooling mode is 9.7 SEER (CABO 1992, ICC 1999). 
2.2.5 Duct Sealing and Insulating Requirements 
The 2000 IECC has stricter requirements for duct insulating and sealing than the 1992 
MEC. The 2000 IECC specifies that all supply ducts within unconditioned spaces, such as 
an unheated basement or attic, must be insulated, whereas the 1992 MEC does not specify 
this requirement. Also, the 1992 MEC allows for duct tape to be used to seal duct seams, but 
the 2000 IECC does not allow duct tape to be used as a sealant. The reason that the 2000 
IECC finds duct tape unacceptable is that duct tape has a tendency to deteriorate over time. 
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These differences between the 1992 MEC and the 2000 IECC for duct sealing and insulating 
are presented in Table 2.1. 
2.3 Service Water Heating 
2.3.1 Overview 
The purpose of this section is to provide energy efficient requirements for designing 
and installing service water heating equipment. It provides the minimum performance rating 
for equipment, such as water heaters, storage tanks, and boilers, as well as the minimum 
insulation levels for the piping. 
2.3.2 Pipe Insulation Requirements 
The minimum pipe insulation requirements according to the 2000 IECC are shown in 
Table 2.3. 
Table 2.3. Minimum pipe insulation specifications (ICC 1999). 
PIPE SIZES 
SERVICE WATER-
Noncirculating HEATING Circulating mains and runouts 
TEMPERATURES (°F) run outs 
Up to 1 inches Up to 1.25 inches 1.5 to 2 inches Over2inches 
170-180 0.5 inches 1.0 inches 1.5 inches 2.0 inches 
140-169 0.5 inches 0.5 inches 1.0 inches 1.5 inches 
100-139 0.5 inches 0.5 inches 0.5 inches 1.0 inches 
2.3.3 Electric Water Heaters 
Automatic electric-storage water heaters having a storage capacity of 120 gallons or 
less and an output rating of 12 kW or less must have a standby loss not to exceed 4.0 W/ft2of 
tank surface area or 43 W, whichever is greater (CABO 1992). 
Automatic electric-storage water heaters having either a storage capacity greater than 
120 gallons or an input rate greater than 12 kW must have water-backed storage tank 
surfaces insulated to at least R-10 or have a standby loss not to exceed 4.0 W/ft2 (CABO 
1992). 
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2.3.4 Gas-fired and Oil-fired Water Heaters 
Gas-fired and oil-fired automatic storage water heaters having an input rating of 
75,000 Btu/h or less must have a recovery efficiency (Er) not less than 75% and a standby 
loss (S) not to exceed: 
S= 2.3 + 67/V 
where Sis the percent per hour of stored thermal energy and Vis the rated volume in gallons 
(CABO 1992). 
2.4 Electrical Power and Lighting 
This section provides the requirements for energy efficient electrical power and 
lighting systems. Some of these requirements are illumination level criteria, and reflectance 
and light loss factors. 
2.5 Summary 
Of the requirements summarized in Sections 2.1-2.4, the sections dealing with service 
water heating, and electrical power and lighting were not considered for the study reported 
herein. These two sections were not emphasized because requirements in the 1992 MEC and 
the 2000 IECC are similar. 
The 1992 MEC and the 2000 IECC were compared to each other to understand both 
their similarities and differences. It was found that the 1992 MEC and the 2000 IECC were 
similar to each other in many ways when comparing the design and construction 
requirements for single-family residential homes. For example, the building envelope 
requirements and minimum equipment performance requirements for components such as 
heat pumps, furnaces, boilers, and air conditioners were the same in both the 1992 MEC and 
2000 IECC. Even though there are many similarities between the 1992 MEC and the 2000 
IECC, there are a few major differences such as allowable air infiltration rates, duct sealing 
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and insulation requirements. Furthermore, the 2000 IECC describes a prescriptive method to 
determine if a home meets code standards. 
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CHAPTER 3 AUDITING SELECTED HOMES 
3.1 Identification of Selected Homes 
3.1.1 Solicitation of Homeowner Names 
Since a total of 30 homes throughout Iowa were needed for this study, a letter 
describing the purpose of this study and how this study was to be performed was sent to 
every County Engineer in Iowa (refer to Appendix E.1 ). The letter asks the engineer for a 
list of up to five homeowner's names and addresses, within the county that may be interested 
in participating in this study. The letter also asks the County Engineer to send the list of 
names and addresses by a certain deadline. The deadline was typically two weeks after the 
letter was sent. The reason a deadline was specified on the letter was so the County Engineer 
would respond to the letter quickly rather than putting it off and forgetting about it later. A 
copy of the homeowner survey was also included with the letter. The purpose of the study 
was explained to the County Engineer so that he or she knows what would be expected of the 
homeowner. In addition, a copy of the homeowner survey was sent so that the County 
Engineer could see that the homeowner survey was short, simple, and not time consuming for 
the homeowners to complete. 
There are three main reasons why this letter was sent to all the County Engineers. 
The first reason is that they may know of homeowners within their county, such as friends, 
relatives, and co-workers, which may be interested in participating in this study. The second 
reason is that they may be able to provide additional contacts that in turn may provide names 
and addresses of homeowners. The third reason is that the County Engineer personally may 
be interested in participating in this study. 
Even though numerous names and addresses of potentially interested homeowners 
were obtained from the County Engineers, more names and addresses were needed for the 
study. Because of this shortage of potential participants, a letter similar to the original letter 
previously sent to the County Engineers was also sent to County Officials and City Officials 
in regions of Iowa where more homeowner participation was needed. Also, many students at 
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Iowa State University (ISU) were asked to provide names and addresses of any homeowners 
that they thought might be interested in participating in the study. 
Between the County Engineers, County Official, City Officials, and students at ISU, a 
total of 132 names and addresses of potentially interested homeowners were obtained. 
3.1.2 Letter to the Homeowner 
A letter was sent to all of the homeowners (refer to Appendix E.2) that were referred 
by the County Engineers, County Officials, City Officials, and ISU students. The letter 
informed the homeowners about the purpose of the study and how they would be involved in 
the study, if they were interested in participating. The letter also informed the homeowners 
about how they could benefit from the study if they participated. A homeowner survey (refer 
to Appendix E.3) along with a pre-addressed and stamped envelope was sent with the 
homeowner letter. The letter asked the homeowner to fill out the homeowner survey and to 
mail the survey in the pre-addressed envelope if he/she was interested in participating in the 
study. 
Out of the 132 letters sent to the potentially interested homeowners, at least 70 
homeowners filled out the survey and returned it by mail. 
3.1.3 Homeowner Survey 
The completed homeowner surveys were used to identify those homes that were 
considered to be desirable candidates for the study. Because the survey provided a key role 
in the study, considerable thought and effort went into its development. The homeowner 
survey was kept relatively short to minimize the time required of the homeowner. The 
homeowner survey was expected to take the homeowner only about five minutes to fill out. 
In addition, the questions asked on the homeowner survey were kept simple to answer since 
difficult questions might discourage the homeowner from responding to the questions on the 
homeowner survey. 
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The homeowner survey contained twelve questions that allowed the project 
investigators to determine the general trends of the typical single-family home in Iowa and to 
identify those homes that were most desirable for the study. The survey can be found in 
Appendix E.3 and a complete description of the rationale behind the survey questions is 
presented in Appendix F. l. 
3.1.4 Selection Process 
After the completed Homeowner Survey forms were returned to the project 
investigators, the forms were reviewed for potentially acceptable homes to audit. The 
homeowners with homes that seemed most fit for the study were sent an acceptance letter. 
The acceptance letter thanked the homeowner for completing and returning the Homeowner 
Survey, informed the homeowner that their home met the criteria for the study, and stated 
that the person conducting the walk-through energy audit would contact the homeowner in a 
few days to arrange a time and day to perform a walk-through energy audit of their home and 
to answer any of their questions. In addition, the acceptance letter informed the homeowner 
about the areas of the home and subjects that the auditor would inspect, and provided the 
homeowner with contact information for the auditor. 
The homeowners were contacted by phone about a week after the acceptance letter 
was sent, based on the assumption that it would take about 3 to 4 days for the homeowners to 
receive the acceptance letter. When the homeowners were contacted, they were asked if they 
had the opportunity to read the letter. If the homeowners did not receive the letter or had not 
read the letter, then the auditor explained the purpose of the letter and what the walk-through 
energy audit entailed to the homeowners. In general, it was found that if the homeowners 
were contacted more than two weeks after the acceptance letter was sent then most 
homeowners had forgotten about the contents of the acceptance letter. During the 
conversation, the homeowners were informed that their energy related information would 
need to be obtained from their utility companies, and that the auditor would bring a release 
form for their signature when the auditor arrived at their homes for the walk-through energy 
audit. Then, the auditor asked the homeowners if they had any questions about the walk-
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through energy audit and scheduled a time and day for the energy audit with the 
homeowners. 
To mm1m1ze the amount of traveling required, anywhere from three to seven 
acceptance letters where sent at any one time to homes that were relatively close to each 
other. For example: homes in the Cedar Rapids area that potentially met the requirements for 
the study were sent an acceptance letter at the same time. 
Initially, eleven homes that were less than 20 years old were selected for the study, 
regardless of the type of heating fuel that they used. Five of these homes were located in the 
Cedar Rapids area and six were located in western Iowa. Out of these eleven homes, three 
used natural gas, four used propane, and four used electricity (heat pumps) for heating the 
home during the winter. A walk-through energy audit was performed on each of these homes 
and the energy related information for each of these homes was obtained. After reviewing 
the energy related information for these eleven homes, it was found that some of the data 
could not be used in the analysis. One home was about two years old, but had less than two 
years worth of energy related information required. 
The energy related information from the 4 homes that used propane for heating could 
not be used because the amount of propane used was not metered on a monthly basis. A 
home that uses propane has a tank filled located outside of the home which is filled when the 
propane level is low or when propane prices are low. Because of this, it was not possible to 
determine the amount of propane used on a monthly basis. 
The homes that used electricity to run their heat pumps were metered on a monthly 
basis, but the data from the utility bills for two of the homes could not be used. In these two 
cases, the electricity used for the heat pump was metered separately from the electricity used 
for the rest of the home during the fall, winter, and spring months, and the electricity used for 
the heat pump and the rest of the home were combined together during the summer months. 
As a result, these two homes each had three electrical meters installed with one meter for the 
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heat pump, one meter for the rest of the home, and one meter that combined the total 
electrical usage of both the heat pump and the rest of the home together. The reason that the 
electricity for the heat pump is separated from the electricity for the rest of the home during 
the summer is because the homeowners receive a discounted electrical rate for their heat 
pumps during the fall, winter, and spring months. 
Because of potential difficulties comparing homes that use propane or electrical 
heating, it was decided to only use homes with natural gas heating between two to twenty 
years of age for the study. Homes that use natural gas heating have all of their energy 
usages, such as natural gas and electricity, metered on a monthly basis. Homes less than two 
years old would not be able to provide enough energy related information required, while 
homes that were greater than twenty years old may not meet any of the requirements of either 
the 1992 MEC or the 2000 IECC. When contacting the homeowners with homes that were 
two to three years old, they were asked how long they had lived in their home in order to 
ensure that they could provide enough energy related data. 
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3.2 Energy Acquisition Forms 
3.2.1 Energy Audit Authorization Form 
Prior to performing the walk-through energy audit of each home, the homeowner was 
asked to fill out an energy audit authorization form. The purpose of the authorization form 
was to obtain the homeowner's permission, allowing the ISU research team to perform the 
walk-through energy audit during a certain time period on a certain date. Also, by signing 
the form, the homeowner acknowledged that he/she understood the purpose of the study and 
was willing to participate in the study. 
Several utility companies were contacted for information about what they thought 
should be required in an energy audit authorization form. The purpose of the study and what 
was required for the study was explained to each utility company that was contacted. 
However, from conversations with each of the utility companies, it was found that none of 
them had ever used an authorization form prior to conducting an energy audit of a home. 
Therefore, an energy audit authorization form was developed as part of this study (refer to 
Appendix E.4). 
3.2.2 Energy Bill Release Form 
Prior to performing the walk-through energy audit, the homeowner was asked to sign 
and date an energy bill release form. The purpose of the energy bill release form was to 
acquire energy related information for the years 2002 and 2003 from the homeowner's utility 
company. By signing the release form, the homeowner acknowledged that he/she understood 
that their utility company would release energy related information for this study. The 
homeowner also acknowledged that the energy related information would not be released to 
other parties and that it would be kept confidential. 
Prior to making the energy bill release form, a few utility companies were contacted 
to find out what information would be necessary on the form so that the utility company 
would release the energy related information. The energy bill release form developed as part 
of this study can be found in Appendix E.5. 
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3.2.3 Energy Audit Form 
In order to compare the physical characteristics of each home, a walk-through energy 
audit was performed for each home within the study. To record the physical characteristics 
of each home, an energy audit form was developed (refer to Appendix E.6). The purpose of 
the energy audit form was to determine the general characteristics of each home that was 
used in the study and to explain any abnormalities that might occur when comparing energy 
related data between homes. The energy audit form was written in an organized manner such 
that it would allow for a timely and efficient walk-through energy audit. In most cases, the 
walk-through energy audit took less than one hour to complete. The rationale for each 
category contained in the energy audit form is presented in Appendix F.2. 
20 
3.2.4 Homeowner Education 
The purpose of this study was not only to determine if it is economically feasible for 
the state of Iowa to adopt the 2000 IECC, but it was also used to help educate homeowners 
about how to make their homes more energy efficient and to promote energy conservation. 
Questions asked by the homeowner about making their home more energy efficient was 
answered by the auditor to the best of his ability. The homeowner was given an information 
packet written by the Iowa DNR called "Energy Savers" that contains tips on saving energy 
and money at home. The Energy Savers packet (U.S. DOE 2002) contains tips on saving 
energy and many interesting facts. The major topics listed in the Energy Savers packet are: 
• Insulation and W eatherization 
• Heating and Cooling 
• Water Heating 
• Windows 
• Landscaping 
• Lighting 
• Appliances 
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CHAPTER 4 DEMOGRAPHICS OF HOMES SELECTED 
4.1 Overview 
Thirty homes representing a variety of home styles and weather regions in Iowa were 
selected for this study. The division of the weather regions for the state of Iowa was 
established by (ICC 1999). A summary of the homes in each style and weather category is 
tabulated in Table 4.1. As shown in the table, the thirty homes were divided equally among 
the three Iowa weather regions: northern, central and southern. Ten homes were selected in 
each of the three regions. Furthermore, within each region, the homes were then divided 
about equally between single-story or ranch style (16 homes) and multi-story (14 homes), 
including a combination of two-story homes (8) and split-level and 1-1/2 story homes (6 
homes). Schematics of the home styles for ranch, 2-story and split-levels can be found in 
Figs A.1-A.6. A summary of the basic home features according to each region can be found 
in Tables A.1-A.4. 
Table 4.1. Summary of the style home within each weather region of Iowa. 
Ranch style 2-story style Split-level style/ Total 
1-112 story 
Region A (Northern) 6 1 3 10 
Region B (Central) 4 3 3 10 
Region C (Southern) 6 4 0 10 
Total 16 8 6 30 
The ages of the homes varied from 2 years old (the minimum age required to 
participate in the study) to 20 years old. The number of homes in each age category is listed 
in Table 4.2. The home age is relative to the year 2002, which is when this study began. 
Thus, only homes that were built prior to December 31, 2001 would qualify. This criterion 
also limits the age of any home constructed according to the 2000 IECC to two years old. At 
least 8 two-year old homes were selected for analysis in this study. Even though homes older 
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than two years would not have followed the 2000 IECC during construction, it should be 
recognized that other homes (especially newer homes) may in fact comply with the various 
criteria (i.e., wall and ceiling insulation, glazing, etc.) of the 2000 IECC energy requirements. 
The same argument also pertains to the 1992 MEC. 
The size of the homes selected, corresponding to the floor area, varied from 1025 ft2 
to 3065 ft2• It should be noted that throughout this report the floor area does not include the 
basement, regardless of whether the basement was heated or not. The window area of the 
homes varied from 110 ft2 to 357 ft2• The percentage of the wall area (based on estimated 
values) to percentage of window area varied from 8% to 24%. Refer to Table A.5 for the 
window and wall dimensions (multiply by 100% for the wall area percentage). 
As noted elsewhere in this report, all of the homes were heated by natural gas 
furnaces and cooled by standard (vapor compression) air-conditioning systems. 
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Table 4.2. Number of homes and corresponding years since construction, relative to 
2002. 
Age of home (years) Number of homes 
relative to 2002 
2 8 
3 3 
4 1 
5 1 
6 1 
7 5 
8 1 
9 3 
10 1 
11 1 
12 3 
13 1 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 1 
4.2 Identification of 2000 IECC Homes 
Based on numerous interactions with both homeowners and builders, it can be 
concluded that there is a general lack of public knowledge concerning the energy efficiency 
requirements specified in the 2000 IECC. In addition, the lack of knowledge and the fact that 
the 2000 IECC standards are not mandated, except in a few rare cases, it can also be 
concluded that most newly constructed homes are not specifically constructed with the 
intention of satisfying the 2000 IECC. However, it should be noted that there has been 
interest throughout society (especially with the home-building community) during the past 
two decades to conserve energy and thus follow energy efficient practices such as installing 
extra insulation in walls/ceilings and minimizing infiltration in windows/doors. Tables A.1-
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A.4 highlight the basic features know for each home derived from the homeowner survey and 
energy audit. 
As a result, even though homes may not have followed an energy code during new 
construction, homes may in fact satisfy either part or all of the requirements of the 2000 
IECC. Evidence that homes built within the last two years may satisfy the code was 
documented in a study by the Britt/Makela Group (Britt/Makela Group, Inc. 2004). 
According to Britt/Makela, their study investigated 65 single-family residential homes in 
Iowa that were newly constructed to determine whether these homes satisfied the 2000 IECC 
requirements. Based on plan reviews and field inspections, the Britt/Makela Group 
concluded that nearly all of the newly constructed homes satisfied 2000 IECC requirements. 
Based on this conclusion and the energy audit inspections conducted for this study, it can 
probably be assumed that the 2 year-old homes selected in the study herein can be classified 
as 2000 IECC homes. Of the 30 homes listed in Table 4.2, 8 homes were built in 2000. 
Even so, as will be shown later in this report, a quantitative method using VA values will be 
used to select the homes that meet 2000 IECC standards. 
In addition to the 8 newly constructed homes in this study, 3 other homes were 
identified during the energy audit as probably satisfing 2000 IECC building requirements. 
One home is 4 years old and the audit showed that the duct seams were all insulated which is 
one of the hallmarks of the 2000 IECC requirements (refer to Table 2.1 ). Another home is 
13 years and the ducts were taped and well insulated. Finally, a 6 year-old home in the study 
received an energy star rating from MidAmerican Energy, which may in fact be comparable 
to the 2000 IECC requirements. 
Other homes in this study appear to satisfy the energy efficiency requirements of the 
2000 IECC. These homes were identified by comparing experimental thermal conductance 
VA values, as determined from energy consumption data provided by utilities to VA values 
calculated from the guidelines provided in the 2000 IECC. Specifically, the thermal 
conductance represents a measure of the energy efficiency of a building envelope (refer to 
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Section 2.1 and Section 5.4). Therefore, if the actual experimental UA is less than the UA 
calculated by using guidelines in the 2000 IECC, then the home satisfied the energy 
efficiency demanded by the code. As will be shown in Section 5.5, a total of 16 homes out of 
the 30 are considered to satisfy 2000 IECC standards for the purposes of the study reported 
herein. 
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CHAPTER 5 ANALYSIS OF ENERGY CONSUMPTION 
5.1 Heating Degree Days 
The heating degree days (HDD) were determined for each of the three Iowa weather 
regions, namely the northern, central and southern regions. The HDD calculation is 
important for two reasons. First, the values ofHDD are used later in the study to calculate an 
experimental overall thermal conductance UA value for each home. Second, a comparison of 
the annual HDD for each of the three regions provides an indication of how the outdoor 
temperature might vary for each geographical location. It is expected that the energy 
consumption for heating should increase as the outdoor temperature decreases, which in tum 
increases the HDD. 
The HDD were defined in Section 2.1 assuming a base (outdoor) temperature of 65 
°F. The HDD region weather data was obtained through the National Climate Data Center 
(NCDC 2004) for locations central to each of the three Iowa regions. Using this data, the 
HDD per day were calculated and plotted for each of the three regions over the two-year 
period, as shown in Fig. 5.1. As one would expect, the HDD per day is highest during the 
coldest months and then set to zero when the outdoor temperature is greater than the base 
temperature of 65 °F, meaning that heating is not required. 
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Fig. 5.1. Heating degree days over two years (January 2002 through December 2003) 
for locations in each weather regime of Iowa. 
The total HDD for one-year and two-year periods were determined for all three Iowa 
weather regions by integrating (i.e., totaling) each curve shown in Fig. 5.1. The result is that 
on a one-year basis the northern, central and southern regions have HDD of 7480, 6363 and 
6225, respectively, and on a two-year basis, the HDD for the three regions are 14606, 12250 
and 12076, respectively. An observation is that the HDD for the lower two regions are 
similar, being within 2% of each other. The difference between the northern and central 
region is16% and the difference between the northern and southern region is 18%. These 
differences ar~ primarily during the peak heating month of January. As will be shown in the 
data analysis, the HDD can be used to normalize data. 
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5.2 Energy Consumption 
The energy from natural gas and electricity for each home over a two-year period was 
obtained from utility companies. The energy consumption was provided as total amounts for 
a billing cycle; generally a billing cycle was 30 days. The natural gas consumption was in 
units of therms and the electricity was in units of kilowatt-hours (kW·h). 
The gas and electricity consumption were both converted to Btu. The convention for 
electricity is simple, being 3.413 BtulkW·h. However, converting therms to Btu is more 
difficult. The therm unit for natural gas represents 100 cubic feet of natural gas. Even 
though natural gas is mostly methane, natural gas contains other components so that the 
actual energy content (Btu) of a therm can vary. However, on average each cubic foot of 
natural gas releases about 1000 Btu of thermal energy. Therefore, for the purposes of this 
study, therms can be converted to Btu of thermal energy by using a conversion factor of 105 
Btu per therm. 
The raw energy consumption data provided by utilities, converted to units of Btu, are 
tabulated in Tables B.1 through B.30 (Appendix B) for each of the 30 homes analyzed in this 
study. For each billing cycle, the total energy consumed (Btu) within a given cycle can be 
converted to represent an average daily use (Btu/day) by dividing by the number of days in a 
billing cycle. The average daily use can be represented as a mean value at a day in the 
middle of the billing period. Thus, the number of days in a two-year period ranges from 1 to 
730 days. The middle of each billing cycle is shown for each home. The average daily 
energy consumption for each billing cycle was further divided by house size, i.e., floor area, 
so that the energy consumption for all 30 homes could be compared on a common basis of 
per unit area of floor space. The modified data for consumption of natural gas and electrical 
energy can now be analyzed and compared for the two-year study period by plotting 
Btu/ft2·day versus the day of the year. Figures C.1 through C.30 (Appendix C) are plots for 
each home; both natural gas and electrical energy are shown in each plot. 
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Several observations that are common to all 30 homes can be made regarding the data 
plotted in Figs. C. l-C.30. First, the natural gas consumption increases in the colder months 
(e.g., winter) because the gas furnace operates to heat a house. Furthermore, natural gas is 
consumed even in the summer to operate appliances such as a stoves and/or hot water 
heaters. Even though this baseline gas consumption during non-heating months varies from 
home to home, an average value is about 50 Btu/ft2·day. Second, the electrical energy 
consumption increases in the warmer months (e.g., summer) because the air-conditioning 
unit operates to cool the house. Electricity consumption is also prevalent during the non-
cooling months to operate appliances and lights, and in some cases hot water heating. It is 
not uncommon for households to supplement gas heating with some type of electrical space 
heating. Even though this baseline electricity consumption during non-cooling months varies 
from home to home, an average value is about 50 Btu/ft2·day. 
The data in Figs. C. l-C.30 show that the peak gas consumption in the month of 
January varies from home to home, with a low value of 150 Btu/ft2·day to a high value of 400 
Btu/ft2·day. In addition, the peak electrical consumption in the summer varies from 25 to 250 
Btu/ft2-day. Another observation from these figures is that the gas and electrical energy 
consumption relative to each other varies considerably from home to home. However, 
generally, the gas consumption is several times higher than the electricity consumption 
signifying that in a northern climate state such as Iowa, heating loads are larger than cooling 
loads. 
5.3 Cost Comparison 
The natural gas costs for heating a home were determined by summing the natural gas 
consumption for the heating season for both a one-year and two-year period. Likewise, the 
total electricity costs for cooling a home were summed for the cooling season for both a one-
year and two-year period. The total one-year and two-year gas and electricity consumption 
are shown in Tables A.3 and A.4, respectively, in Appendix A. The one-year gas 
consumption for heating varies from 5.05 x 107 Btu to 16.96 x 107 Btu, whereas for two 
years, consumption varies from 10.3 x 107 Btu to 33.8 x 107 Btu. The one-year electrical 
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energy consumption for cooling varies from 1,830 kW·h to 7,852 kW·h, while for two years, 
consumption varies from 3,109 kW·h to 15,389 kW·h. 
The natural gas costs for heating were based on an assumption of $1.00 per therm. 
Actual natural gas costs vary from year to year and also with season and location. Thus the 
assumed value of $1.00 per therm represents a typical value that a homeowner might be 
charged. The electricity costs also vary, however a typical value of 10¢ per kW·h was 
selected for the cost analysis presented herein. These rates for gas and electric consumption 
were used to calculate the total one-year and two-year costs for heating and cooling each 
home, shown in Tables A.3 and A.4, respectively. 
The total costs for natural gas are plotted in Figs. 5.2 and 5.3 for one-year and two-
year heating seasons, respectively, as a function of the year in which each home was built. 
The lack of trends is not surprising in that total heating costs vary considerably with home 
size, home construction (e.g., insulation, infiltration, etc.), number of people, thermostat 
settings, energy conservation practices of owners, etc. The one-year costs vary from $500 to 
$1700 while the two-year gas heating costs vary from $1000 to $3400. 
The electrical costs for cooling were also determined versus the year each home was 
built for both a one-year and two-year period, as shown in Figs. 5.4 and 5.5, respectively,. 
The one-year electricity costs vary from $180 to $800 while the two-year electricity costs 
vary from $400 to about $1500. There is no evident trend for electricity consumption as a 
function of home age based on the same reasons that were discussed previously when heating 
costs were presented. 
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Figure 5.2. Cost of natural gas versus age of home for a one-year heating season. 
~ 3000 -_.. 
"' 0 0 
~ 2000 -
Cl 
e:! 
.a 
~ 1000 -
0 
.... 
• • I • • • 
• • 
• 
• 
5 
• • 
I t I ... 
10 
years 
• • . ... 
15 
0 
20 
•Ranch 
• 2-Story 
"'Other 
Figure 5.3. Cost of natural gas versus age of home for a two-year heating season. 
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Figure 5.4. Cost of electricity versus age of home for a one-year cooling season. 
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Figure 5.5. Cost of electricity versus age of home for a two-year cooling season. 
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5.4 Experimental Building Envelope UA values 
The overall thermal conductance UA for each home was determined by plotting the 
average gas consumption per hour for a billing cycle (Btu/h) versus HDD per day, for a one-
year period, as shown in Figs. C.l-C.30. The one-year period represents the 2002-2003 
winter, which allows for one complete heating season to be considered. Referring to Fig. 5.1, 
the complete heating season with available consecutive information runs from October 2002 
through May 2003. After plotting the data for each home, a linear regression of the data was 
calculated, where the slope represents the VA, with units of Btu/h·°F. The physical 
significance of the UA is that it represents the energy efficiency of the building envelope 
since energy transfer rates from a home can be found by multiplying VA by the indoor-to-
outdoor temperature difference. For example, a large UA means large heat losses and 
therefore, to promote energy efficiency, small UAs are desirable. 
The experimental UA values are plotted for each home as a function of the age of the 
home in Fig. 5.6. Again, there is no direct correlation between age of a home and a 
dependent variable such as VA. The UA values plotted vary from 297 to 1190 Btu/h·°F. 
Figure 5.7 shows the relationship between UA versus floor area with a clear trend that as the 
floor area increases, UA increases. In the case of UA versus wall area shown in Fig. 5.8, the 
data indicates that ranch-style homes have lower UA values than 2-story style homes, 
however, there is no definite trend for the split-level and 1-112 story homes. The trend 
between UA and window area shown in Fig. 5.9 is the same as that for floor area in that UA 
also increases with window area too. Summarizing, Figs. 5.7-5.9 indicate that trends exist 
based on floor and window area, where UA increases with increasing area. For wall area, the 
trend indicates that UA can be categorized by style of home. 
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Based on the aforementioned trends, a multiple regression analysis was used to 
predict UA values according to home dimensions (floor, wall and window areas) and style of 
home. The Buckingham pi theorem was used in the regression analysis (Shames 1982). The 
pi-terms were non-dimensionalized by the wall area based on the discussion of Fig. 5.8. The 
predicted UA values can be found by the following: 
(5.1) 
where Jr1 is the ratio of floor area to wall area, Jr2 is the ratio of window area to wall area, and 
Fis a constant with units of Btu/ h·°F. Table 5.1 contains the coefficients that satisfy Eq. 
(5.1). Figure 5.10 shows the relationship between the experimental UA and the predicted 
UA. A linear line is also shown in the figure with a slope of unity to demonstrate the 
deviation or error of the experimental data. 
Table 5.1. Multiple regression coefficients to predict UA based on Eq. (5.1). 
Style F a b 
Ranch 6.6718 0.2485 0.2987 
2-Story 6.1916 1.759 -0.1059 
Other 3.6178 1.5186 -1.2974 
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5.5 Comparison of Experimental and 2000 IECC UA Values 
In an effort to determine which of the 30 homes selected for this study actually meet 
the 2000 IECC, UA values were calculated by using the energy efficiency guidelines 
provided by the 2000 IECC. The experimental UA values for each of the 30 homes (refer to 
Section 5.4) were compared to the UA values calculated according to 2000 IECC. Because 
there has been some emphasis on building energy efficient homes in the last two decades, · 
even without mandated guidelines from codes, there may in fact be a number of older homes 
that were built to either the 1992 MEC or 2000 IECC standards. 
The 2000 IECC gives guidelines for constructing single-family homes by providing 
for minimum wall and ceiling insulation requirements in the form of R-values, along with 
window glazing and basement wall requirements in the form of U values. Therefore, R- and 
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U-values, which are functions of HDD, can be taken from tables and graphs contained within 
the 2000 IECC, and can be used to guide energy efficient construction of homes (ICC 1999). 
Even though the homes in this study are built, each of the 30 homes can be modeled 
by using R- and U-values from the 2000 IECC to determine what value the UA would be if in 
fact the homes had been constructed according to the code. The UA model is as follows: 
U A Aceiling Awall U A 'A = U window window + + --+ basement basement 
Rceiling Rwall 
(5.2) 
The three surface areas shown in Eq. 5 .1 are unique to each of the thirty homes, and 
they were determined during the on-site energy audit visit. These areas are tabulated for each 
home in Table A.1. The R and U values were taken from the 2000 IECC, and in some cases 
they are functions of the HDD and thus home location (northern, central and southern). 
Values for Rand Uused in Eq. 5.2 are: 
Uwindow = 0.35 Btu/h·ft2·°F 
Rceiling = 38 hr·ft2·°F/Btu 
Rwall = 9.1 hr·ft2·°F/Btu (northern region) 
Rwall = 8.0 hr·ft2·°F/Btu (central and southern regions) 
Ubasement = 0.093 Btu/h·ft2·°F (northern region) 
Ubasement = 0.095 Btulh·ft2·°F (central and southern regions) 
The values for each of the 30 homes are shown in Table 5.3, denoted as "2000 IECC UA". 
A second approach for determining R and U values, called the "prescriptive method'', 
is also provided in the 2000 IECC. As before, the R and U values can be used to calculate 
UA in Eq. 5.2. Using the prescriptive method, R and U values as functions of percent 
window area and HDD can be found in a series of tables presented in the 2000 IECC. The 
percent window area is based on the gross exterior wall area, that is, 100% times the ratio of 
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the window area to wall area. Unlike the first method previously discussed, the R and U 
values in the prescriptive method will vary from home to home, depending on the glazing to 
wall ratio and the HDD associated with the location of the home. Values for R and U are 
shown in Table 5.2. The UA value calculated using Eq. (5.2) are shown in Table 5.3, 
denoted as "2000 Prescriptive UA". 
The experimental values of UA that were calculated in Section 5.4 are repeated in 
Table 5.3 alongside the UA values calculated by using the 2000 IECC method and 2000 
Prescriptive method. It should be noted that the experimental values were determined by 
assuming that all of the thermal energy available from the natural gas entered the building 
envelope. In fact, because of the furnace thermal efficiency, part of this energy is exhausted. 
The minimum furnace efficiency specified by the 2000 IECC is 78% so if this efficiency 
were to be used as a guideline, then the expected UA would be decreased by 22%. The 
efficiencies for each home furnace were acquired during the energy audit visits. The furnace 
efficiencies ranged from 90% to 95.5% and the typical furnace efficiency was 90%. The 
experimental UA values have been modified with the furnace efficiency and are shown in 
Table 5.3. 
A comparison of experimental UA values (modified with furnace efficiency) and 
2000 IECC UA values were used to identify homes that satisfy 2000 IECC standards. 
Specifically, any home that has an actual UA value less than the maximum allowable UA 
based on 2000 IECC criteria is assumed to meet the energy conservation guidelines specified 
in 2000 IECC. Because of the assumptions and uncertainties associated with calculating both 
the experimental UA and the 2000 IECC UA value, it was further assumed that if an 
experimental UA was within 5% of the 2000 IECC UA, then it does in fact satisfies the 
code's criteria. A plot of 2000 IECC UA values versus experimental UA values in Fig. 5.11 
identifies those homes that satisfy the 2000 IECC criteria. The dashed line represents the 
case when the experimental UA equals the 2000 IECC UA minus 5%, accounting for 
assumptions and uncertainties. An examination of Fig. 5.11 and a comparison of UA values 
in Table 5.3 reveals that sixteen homes satisfy the 2000 IECC standards while 14 homes 
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satisfy lesser standards. The aforementioned approach is described in detail as an alternative 
method to determine whether a home satisfies the criteria outlined in the 2000 IECC (Section 
502.2.2 of the 2000 IECC). 
The sixteen homes that satisfy the 2000 IECC are listed in Table 5.4 while the 
remaining homes are listed in Table 5.5. Although many of the newer homes (i.e., three 
years old or less) meet the criteria, there are almost as many cases where homes less than 
three years old do not satisfy the 2000 IECC standards. Thus it can be concluded that the age 
of a home cannot be used as the sole indication of its energy efficiency. Comparing homes in 
the two tables also shows that satisfying the energy code criteria is not a function of home 
size or home style in that homes of all sizes and styles appear in both tables. 
The energy and cost performance of homes that satisfy the 2000 IECC can now be 
compared to homes built to lesser standards by analyzing the data in Tables 5.4 and 5.5 in 
graphical format. Figure 5.12 shows UA versus year with the obvious trend being that homes 
built to 2000 IECC standards have lower UA values compared to homes of lesser standards, 
with the lower UA values representing energy efficient homes. Figure 5.13 shows natural gas 
costs versus home size with the obvious trend being that heating costs are lower for homes 
built to 2000 IECC standards compared to equivalent sized homes built to lesser standards. 
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Table 5.4. Summary of homes that satisfy the 2000 IECC standards. 
Floor 
Furnace-
Base Cost/floor 
Home Age 
Style Area 
modified 
Temperature Cost($) 
Number (years) UA 
area 
(ft2) 
(Btu/h·0 F) 
(oF) ($/ft2) 
A-3 2 Ranch 1850 399 67.7 $864 $0.47 
A-4 7 Ranch 1800 24 340.6 $509 $0.28 
A-6 3 Ranch 1800 320 61.1 $547 $0.30 
A-9 7 Ranch 1520 403 63.2 $753 $0.50 
B-1 2 Ranch 2360 387 59.5 $554 $0.23 
B-6 9 Ranch 2072 374 64.0 $621 $0.30 
C-4 4.5 Ranch 1725 444 67.2 $723 $0.42 
C-7 2 Ranch 1536 280 70.3 $505 $0.33 
C-8 12 Ranch 1400 284 69.3 $518 $0.37 
C-9 2 Ranch 1624 447 66.4 $706 $0.43 
C-1 2 2-Storv 2848 604 60.9 $740 $0.26 
C-6 7 2-Story 1753 390 66.4 $644 $0.37 
C-10 12 2-Story 2041 443 67.3 $753 $0.37 
A-5 9 
Split 
1392 
Level 377 64.2 $707 $0.51 
A-8 13 
Split 
1300 
Level 342 59.2 $529 $0.41 
A-10 9 
1-1/2 
1900 Story 428 62.5 $782 $0.41 
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Table 5.5. Summary of homes that satisfy standards lesser than 2000 IECC. 
Floor 
Furnace-
Base Cost/floor 
Home Age Style Area 
modified 
Temperature Cost($) Number (years) UA area (ft2) 
(Btu/h·°F) 
(oF) ($/ft2) 
A-1 20 Ranch 1512 426 60.0 $705 $0.47 
A-7 7 Ranch 2152 518 57.0 $744 $0.35 
B-3 2 Ranch 1675 527 61.1 $813 $0.49 
B-8 6 Ranch 2180 576 61.1 $862 $0.40 
C-2 2.5 Ranch 1972 529 70.9 $960 $0.49 
C-3 11 Ranch 1400 434 75.0 $928 $0.66 
A-2 4 2-Story 2200 659 61.0 $1, 109 $0.50 
B-4 12 2-Story 1878 557 60.3 $790 $0.42 
B-5 2 2-Story 1775 429 63.9 $707 $0.40 
B-9 6.5 2-Story 2300 709 63.9 $1,218 $0.53 
C-5 10 2-Story 2393 658 63.4 $934 $0.39 
B-2 2 
1-1/2 
2306 Story 655 62.1 $1,053 $0.46 
B-7 8 
Split 
1025 
Level 381 60.1 $551 $0.54 
B-10 3 
1-1/2 
3061 
Story 1071 61.8 $1,696 $0.55 
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Figure 5.12 Thermal conductance modified with furnace efficiency versus age of home 
for 2000 IECC and lesser standards. 
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CHAPTER 6 ANALYSIS OF COST FOR UPGRADES 
6.1 Cost for Implementing Building Codes in Iowa 
6.1.1 Approach 
The costs to implement energy efficient measures, such as extra insulation in walls 
and ceilings in order to satisfy requirements specified in the 2000 IECC, were determined for 
several sizes and styles of homes. This information will provide valuable guidance to 
homeowners who are planning to build a new home and are in the process of deciding 
whether to build according to either 2000 IECC, 1992 MEC or lesser standards. 
To address the questions of added cost to satisfy energy code requirements, a cost 
analysis was performed for different degrees of insulation levels in three styles of homes. 
These homes are in one of three categories: 1.) a home that satisfies only minimum insulation 
requirements and is not energy efficient, henceforth referred to as "low efficiency", 2.) a 
home that often meets the required insulation levels when codes are not mandated or 
emphasized, henceforth referred to as "current practice", and 3.) a home that meets the 
insulation requirements according to the 2000 IECC, henceforth referred to as "2000 IECC". 
A low efficiency home was considered to be a home that had R-19 rated blown 
fiberglass insulation in the ceiling, R-11 rated fiberglass blanket insulation in the walls, and 
no insulation around the ducts. In addition, the window U-value was 0.5 Btu/h·ft2·°F and 
none of the duct seams were sealed. A home built to current practices was considered to be a 
home that had R-30 rated blown fiberglass insulation in the ceiling, R-13 rated fiberglass 
blanket insulation in the walls, and no insulation around the ducts. In addition, the window 
U-value was the same as the low efficiency home and none of the duct seams were sealed. 
The energy conservation measures of concern for this cost analysis were the 
insulation requirements for the ceilings, walls, windows and ducts. The analysis compared 
the difference in the costs of the insulation to upgrade the low efficiency homes and current 
practice homes to the energy efficiency level of homes built in accordance with the 2000 
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IECC. The cost for duct sealing was also considered for this analysis since existing homes 
are not normally sealed although the 1992 MEC and 2000 IECC mandate duct sealing. 
For all of the homes used in the analysis, it was assumed that the windows (which 
have a glazing wall ratio ofO.l) accounted for 15% of the gross area of the walls and that the 
ceiling height was 8 ft for all levels. The total area of the walls that required insulation was 
found by subtracting the window area from the gross wall area. For this analysis, the 
dimensions of the ducts that were in unconditioned spaces were 15 inches by 3 inches. The 
R-5 rated duct wrap insulation needed for the ducts in unconditioned spaces is 1 Yi inches 
thick. When the duct was wrapped with duct-wrap insulation, it had the dimensions 18 
inches by 6 inches. Since the duct was 6 inches wide with the insulation, the duct can fit in-
between 6 inch walls. 
6.1.2 Types of Homes 
The styles of homes that were used in this differential cost analysis were a ranch-
style, 2-story and a split-level home. Additionally, each of these three homes was modeled 
using 5 different floor area sizes. The five floor sizes used in the analysis are: 1000 ft2, 1500 
ft2, 2000 ft2, 2500 ft2, and 3000 ft2. A description of the model for each home style is 
presented next. Also presented is the methodology for determining home characteristics, 
such as walls and window area, duct length and duct area, which is used to determine 
insulation requirements. 
6.1.2.1 Ranch Style Home 
The ranch home used in this analysis has the main floor directly above the heated 
basement (refer to Fig. A.1 ). To demonstrate how the various parameters were determined 
for each of the five sizes of ranch homes, a 1500 ft2 home was selected for the detailed 
calculations presented below. A 1500 ft2 ranch home has a main floor area of 1500 ft2 and a 
ceiling of the same area. The dimensions of the homes, such as the length and width, were 
calculated assuming that the length of the home is twice the width of the home. 
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For example: 
L x W= 1500 ft2 (6.1) 
where L is the length of the home and W is the width of the home. Since L = 2 x W, Eq. 6.1 
can be written as: 
2W x W = 1500 ft2 
or 
2w2 = 1500 ft2 (6.2) 
Rearranging Eq. 6.2 to solve for home width, W, results in: 
w = ~IS~ft' = 27 ft 
and therefore, the home length Lis 55 ft. Note that the home dimensions have been rounded 
to a whole number. The total wall area can be calculated by using the known width and 
heights, assuming the walls are 8 ft high, i.e., distance from floor to ceiling. Table 6.1 
contains the various dimensions, based on sample calculations using Eq. 6.2, for different 
size ranch homes. 
Table 6.1. Characteristics of diff erent-sjzed ranch-style homes. 
Floor Number Ceiling Length Width Wall Window Wall Area - Duct Duct Glazing 
Area of Area Area Window Length Area Area 
(ft2) Levels (ft2) 
(ft) (ft) (ft2) 
Area (ft2) 
Area (ft2) (ft) (ft2) (ft2) 
1000 1 1000 45 22 1073 161 912 N/A N/A 107 
1500 1 1500 55 27 1315 197 1117 N/A N/A 132 
2000 1 2000 63 32 1518 228 1290 N/A N/A 152 
2500 1 2500 71 35 1697 255 1442 N/A N/A 170 
3000 1 3000 77 39 1859 279 1580 N/A N/A 186 
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Since the ranch home has a heated basement and only one level, there is no need to 
place ducts in unconditioned spaces. The column titled "Duct Length, ft" in Table 6.1 is the 
total length of duct work, which is located in unconditioned spaces (e.g., an attic or an 
unconditioned basement), that needs to be insulated. However, ducts are not present in 
unconditioned spaces for the ranch-style home; therefore an NIA (not applicable) was placed 
in this column. 
6.1.2.2 2-Story Style Homes 
The 2-story home used in this analysis has three levels, a basement, a main level 
directly above the basement, and a second floor directly above the main level (refer to Figs. 
A.2a). Similar to the ranch home, the basement of the 2-story home was also heated. To 
demonstrate how the various parameters were determined for each of the five sizes of 2-story 
homes, a 1500 ft2 home was selected for the detailed calculations presented below. The 1500 
ft2 2-story home has a main-level floor area of 750 ft2 and a second-level floor area of 750 
ft2, which also means that each ceiling has an area of 750 ft2• The dimensions of the 2-story 
homes, such as the length and the width, were calculated assuming that the length of the 
home is equal to the width of the home. 
For example: 
L x W=750ft2 (6.3) 
where L is the length of the home and Wis the width of the home. Since L = W, Eq. 6.3 can 
be written as: 
w2 = 750 ft2 (6.4) 
Rearranging Eq. 6.4 to solve for home width, W, results in: 
w = ~750ft2 = 27 ft 
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and therefore, the home length L is 27 ft. As with the ranch home, the dimensions have been 
rounded off to the nearest whole number. Since the length and width of the home have been 
calculated and the wall heights on the main level and second level are 8 ft high, the total wall 
area for the home can also be calculated. 
Unlike the ranch home that did not require insulated ducts, the 2000 IECC requires 
that the ducting to the second level be insulated. A procedure is presented in the following 
paragraph to determine the un-insulated and insulated duct length, and then calculations for 
duct length are presented for a 1500 ft2 home. Since the second floor is a conditioned space, 
a supply duct has to be placed in the exterior wall from the basement to the second floor. In 
addition, the duct has to travel through the floor between the main floor and second floor so 
that heating and cooling can be provided to all the rooms on the second floor. Figures A.2a-b 
are schematics of the layout of the 2-story home, which illustrate the placement of the 
unconditioned spaces (shaded in grey) in relation to the floors and rooms. It is assumed that 
the supply duct runs vertically through the exterior wall, a length of about 8 ft from the 
basement level to the second floor, and then it runs between the main floor and the second 
floor, for a length of% of the width of the home. Finally, it branches off to a register located 
in each of the rooms on the second floor (refer to Fig. A.2a). It is also assumed that the 
second level has 4 rooms and that each room has one register. The branch from the supply 
duct to each of these registers is assumed to be 1 ft long (refer to Fig. A.2b ). The ductwork 
located in the exterior wall and between the main and second floors is confined in an 
unconditioned space and according to the 2000 IECC, needs to be insulated with R-5 rated 
duct wrap insulation. 
An example of calculating the area of the insulated duct for a 2-story home that has 
1500 ft2 of floor area (W = 27 ft) is presented next. The total length of duct work for an 
unconditioned space can be found by using the following equation: 
Lnuct = % W + 8 ft + 4 ft (6.5) 
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where Lnuct is the duct length and Wis the width of the home. Using Eq. 6.5 and known 
dimensions, the resulting duct length for the 1500 ft2 home is 32.25 ft. Therefore, the amount 
of duct-wrap insulation needed is about 97 ft2. Table 6.2 contains the various dimensions 
based on calculations using Eq. 6.4 for the five sizes of 2-story homes. 
Table 6.2. Characteristics of different-sized 2-story homes. 
Floor Number Ceiling Length Width Wall Window 
Wall Area- Duct Duct Glazing 
Area of ~rea, ft2 (ft) (ft) Area Area (ft2) Window Length Area Area ft2 Levels (ft2) Area, ft2 (ft) (ft2) (ft2) 
1000 2 500 22 22 1431 215 1216 29 86 143 
1500 2 750 27 27 1753 263 1490 33 98 175 
2000 2 1000 32 32 2024 304 1720 36 107 202 
2500 2 1250 35 35 2263 339 1923 39 116 226 
3000 2 1500 39 39 2479 372 2107 41 123 248 
6.1.2.3 Split-Level Style Homes 
The split-level home used in this analysis has three levels, a lower level that is half 
underground, a main level that is adjacent to the lower level but completely above ground, 
and an upper level that is directly above the lower level (refer to Figs. A.3a.). All three levels 
of the split level home were heated. To demonstrate how the various parameters were 
determined for each of the five sizes of split-level homes, a 1500 ft2 home was selected for 
the detailed calculations presented below. The 1500 ft2 split-level home has a main level 
floor area of 500 ft2, a lower-level floor area of 500 ft2, and an upper-level floor area of 500 
ft2. The split-level arrangement results in a total ceiling area of 1000 ft2• 
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The dimensions of each of the levels, such as the length and width, were calculated 
assuming that the length of each level is equal to the width of each level. For example: 
L xW= 500 ft2 (6.6) 
where L is the length of the level and Wis the width of the level. Since L = W, Eq. 6.6 can 
be written as: 
w2 = 500 ft2 (6.7) 
Rearranging Eq. 6.7 to solve for level width, W, results in: 
w = ~500ft 2 = 22 ft 
Since L = W, then the level length, L, is 22 ft and the dimensions have been rounded 
off to the nearest whole number. Once the length and width of each level have been 
calculated, assuming the walls on the lower level, upper level, and main level are all 8 ft 
high, the total wall area for the home can also be calculated. 
Unlike the ranch home that did not require insulated ducts, the 2000 IECC requires 
that the ducting to the main level be insulated. Hence, a procedure is presented below to 
determine the uninsulated and insulated duct length, and then calculations for duct length are 
presented later for a 1500 ft2 home. 
Since the main floor is a conditioned space, a supply duct has to be placed under the 
floor of the main level between the ground and the main level so that heating and cooling can 
be provided to all the rooms on the main level (refer to Fig. A.3a.). It is assumed that the 
supply duct runs between the ground and the main level for a length of% of the width of the 
main level. Finally, it branches off to a register located in each of the rooms on the main 
level (refer to Fig. A.3b ). It is also assumed that the main level has 4 rooms and that each 
room has one register. The branch from the supply duct to each of these registers was 
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room has one register. The branch from the supply duct to each of these registers was 
assumed to be 3 ft2 long. The ductwork located between the main level and the ground is 
confined in an unconfined space, and according to the 2000 IECC, needs to be insulated with 
R-5 rated duct wrap insulation. 
An example of calculating the area of the insulated duct for a split-level home that 
has 1500 ft2 of floor area, which corresponds to a level width of 22 ft is presented next. The 
total length of duct work that is in unconditioned spaces can be found by using the following 
equation: 
LDuct = -% W + 8 ft + 4 ft (6.8) 
where LDuct is the duct length and Wis the width of the main level. Using Eq. 6.8 and the 
known information, the resulting duct length for the 1500 ft2 home is 28.5 ft. Therefore, the 
amount of duct wrap insulation needed is about 86 ft2. Table 6.3 contains the various 
dimensions based on the above calculations of the five different sized split-level homes. 
Table 6.3. Characteristics of different-s~zed split-level homes 
Floor Number Ceiling Length Width 
Wall Window Wall Area - Duct Duct Glazing 
Area of Area Area Window Length Area Area 
(ft2) Levels (ft2) 
(ft) (ft) 
(ft2) 
Area (ft2) 
Area (ft2) (ft) (ft2) (ft2) 
1000 3 667 18 18 1753 263 1490 26 77 175 
1500 3 1000 22 22 2147 322 1825 29 86 215 
2000 3 1333 26 26 2479 372 2107 31 94 248 
2500 3 1667 29 29 2771 416 2356 34 101 277 
3000 3 2000 32 32 3036 455 2580 36 107 304 
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6.2 Unit Cost of Energy Efficient Upgrades 
6.2.1 Ceiling Insulation 
The cost of blown fiberglass insulation for the ceiling was taken from R.S. Means 
(Kingston 1996) and the costs are shown in Table 6.4 for four different insulation levels. 
Since the RS. Means was published in 1996, the cost for the insulation has been adjusted for 
an inflation rate of 2% per year to reflect the prices for the year 2002. Since the costs for R-
38 or R-49 could not be found in R.S. Means, the costs for R-37 and R-48 were estimated. 
For example, R-37 was estimated by adding the costs of R-26 and R-11, and the cost of R-48 
was estimated by doubling the cost of R-11 and adding it to the cost for R-26. 
Table 6.4. Ceiling-blown fiberglass insulation costs. 
Rating 
Cost per tt2 Cost per tt2 
(1996) {2002) 
R-19 $0.48 $0.54 
R-30 $0.78 $0.88 
R-38 (R-37) $1.01 $1.14 
R-49 (R-48) $1.31 $1.48 
Figure 6.1 shows the relationship between the R-value and the cost of the fiberglass 
blown insulation, reflecting 2002 prices. As expected the cost of insulating the attic 
increases with the amount of insulation and hence R-value. 
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Figure 6.1. Cost per square foot of blown fiberglass insulation versus R-value. 
6.2.2 Wall Insulation 
The cost of fiberglass blanket insulation for the walls was taken from R.S. Means 
(Kingston 1996) and the costs are shown in Table 6.5 for four different insulation levels. As 
before, since R.S. Means was published in 1996, the cost for the insulation has been adjusted 
for ari inflation rate of 2% per year to reflect the prices for the year 2002. The costs for R-13 
and R-16 were not provided in R.S. Means, and therefore, their costs were estimated through 
interpolation. It should be noted that the abbreviation "est." represents estimated costs. 
Table 6.5. Blanket Fiberglass Insulation Costs 
Rating 
Cost per tt2 Cost per ft2 
(1996) (2002) 
R-11 $0.28 $0.32 
R-13 $0.30 (est.) $0.34 
R-16 $0.33 (est.) $0.37 
R-18 (R-19) $0.36 $0.41 
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Figure 6.2 shows the relationship between the R-value and the cost of the fiberglass 
blanket insulation. The prices used in the graph reflect 2002 prices. It can be seen that there 
is a linear relationship between R-values and cost. 
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Figure 6.2. Cost per square foot of fiberglass blanket insulation versus R-value. 
6.2.3 Duct Insulation and Sealing 
The installed cost for 1 Yz inches of duct wrap insulation with an R-value of 5 is 
$1.92/ft2 as provided by R.S. Means (2000). Since this cost came from a 2000 publication, 
the cost for the insulation has been adjusted for an inflation rate of 2% per year to reflect the 
price for the year 2002, which is $2.00/ft2• A study by Hammon and Modera (1996) reported 
a $214 cost for improved duct sealing in new homes. 
6.2.4 Window U-values 
Home built to 2000 IECC standards are considered to have windows with U-values of 
0.35 Btulh·ft2·°F, while current practice homes and low efficiency homes are assumed to 
have U-value of 0.5 Btulh·ft2·°F. The additional cost of purchasing the lower U-value 
windows for the 2000 IECC was estimated by Lucas (Lucas 2002a) to be $0.63/ft2 based on 
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1996. Increasing this value to reflect the year 2002 based on an inflation rate of 2% per year, 
results in the added cost for more efficient windows to be $0.73/ft2. 
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6.3 Costs of Energy Efficient Upgrades 
Using the home dimensions and unit costs for energy efficient upgrades determined in 
Sections 6.1 and 6.2, the cost of upgrading low efficiency homes and homes current practice 
homes to the standard of homes built in accordance with the 2000 IECC was determined for 
all thirty homes used in this study. As noted previously, it was assumed for the analysis that 
the windows accounted for 15% of the gross area of the walls, and that the ceiling height was 
8 ft for all levels. The total area of the walls that would need to be insulated was found by 
subtracting the window area from the gross wall area. 
Tables 6.6-6.8 show the costs to upgrade insulation in low efficiency homes to 
according to the requirements of the 2000 IECC for a ranch-style, 2-story, and split-level 
home, respectively. Tables 6.9-6.11 show the costs to upgrade current practice homes for the 
three home styles according to the requirements of 2000 IECC. These costs are shown for 
different home styles and sizes ranging from 1000 to 3000 ft2• Also shown in the tables are 
the total cost differences for upgrading the energy efficiency of a home, as well as the cost to 
upgrade in each surface, such as ceiling and wall insulation, etc. The information in each of 
the tables is also presented in Figs. 6.3-6.8. Recall that ranch-style homes do not require 
ducts to be insulated because the ducts do not occupy unconditioned spaces. It is interesting 
to note that ceiling insulation is the most costly upgrade and that the upgrade cost is 
substantially lower for the current practice homes compared to low efficiency homes. 
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Table 6.6. Cost difference between low efficiency and 2000 IECC for a ranch home. 
Floor Area Duct Duct Ceiling R-19 Walls R-11 
Glazing 
Total 
(ft2) Sealing Insulating to R-38 to R-18 
U = 0.50 to Cost u = 0.35 
1000 $214 $0 $600 $82 $78 $974 
2000 $214 $0 $1,200 $116 $111 $1,641 
3000 $214 $0 $1,800 $142 $136 $2,292 
Table 6.7. Cost difference between low efficiency and 2000 IECC for a 2-story home. 
Floor Area Duct Duct Ceiling R-19 Walls R-11 
Glazing 
Total 
(ft2) Sealing Insulating to R-38 to R-18 
U = 0.50 to Cost u = 0.35 
1000 $214 $173 $300 $109 $104 $901 
2000 $214 $214 $600 $155 $148 $1,331 
3000 $214 $246 $900 $190 $181 $1,731 
Table 6.8. Cost difference between low efficiency and 2000 IECC for a split-level home. 
Floor Area Duct Duct Ceiling R-19 Walls R-11 
Glazing 
Total 
(ft2) Sealing Insulating to R-38 to R-18 
U = 0.50 to Cost u = 0.35 
1000 $214 $154 $400 $134 $128 $1,030 
2000 $214 $188 $800 $190 $181 $1,573 
3000 $214 $214 $1,200 $232 $222 $2,082 
Table 6.9. Difference in cost between current practice and 2000 IECC for a ranch 
borne. 
Floor Area Duct Duct Ceiling R-30 Walls R-13 
Glazing 
Total 
(tt2) Sealing Insulating to R-38 to R-18 
U = 0.50 to Cost u = 0.35 
1000 $214 $0 $260 $64 $78 $616 
2000 $214 $0 $520 $90 $111 $935 
3000 $214 $0 $780 $111 $136 $1,240 
Table 6.10. Cost difference between current practice and 2000 IECC for a 2-Story 
home. 
Floor Area Duct Duct Ceiling R-30 Walls R-13 
Glazing 
Total 
(ft2) Sealing Insulating to R-38 to R-18 
U = 0.50 to 
Cost u = 0.35 
1000 $214 $173 $130 $85 $104 $706 
2000 $214 $214 $260 $120 $148 $956 
3000 $214 $246 $390 $147 $181 $1, 179 
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Table 6.11. Cost difference between current practice and 2000 IECC for a split-level 
home. 
Floor Area Duct Duct Ceiling R-30 Walls R-13 
Glazing 
Total 
U = 0.50 to (ft2) Sealing Insulating to R-38 to R-18 u = 0.35 Cost 
1000 $214 $154 $173 $104 $128 $774 
2000 $214 $188 $347 $147 $181 $1,077 
3000 $214 $214 $520 $181 $222 $1,351 
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Ranch Low Efficiency Home vs. 2000 IECC 
Figure 6.3. Cost difference between low efficiency and 2000 IECC for upgrades to duct 
sealing and ceiling/wall insulation for a ranch home. 
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Figure 6.4. Cost difference between low efficiency and 2000 IECC for upgrades to duct 
sealing and duct/ceiling/wall insulation for a 2-story home. 
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Split-Level Low Efficiency Home vs. 2000 IECC 
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Figure 6.5. Cost difference between low efficiency and 2000 IECC for upgrades to duct 
sealing and duct/ceiling/wall insulation for a split-level home. 
Ranch Current Practice vs. 2000 IECC 
$1,400 
$1,200 • / 
/ 
/ 
I!? $1,000 / --Duct Sealing 
.!!! / . ~Ceiling Insulation 
0 $800 --/ 
/ "C / / --¥--Wall Insulation ..; $600 -Ill ~ ~Glazing 0 (.) $400 
/ --•--Total $200 - -
~ iii! ~ 
$0 
0 1000 2000 3000 4000 
Size, sqft 
Figure 6.6. Cost difference between current practice and 2000 IECC for upgrades to 
duct sealing and ceiling/wall insulation for a ranch home. 
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2-Story Current Practice vs. 2000 IECC 
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Figure 6.7. Cost difference between current practice and 2000 IECC for upgrades to 
duct sealing and duct/ceiling/wall insulation for a 2-Story home. 
Split-Level Current Practice vs. 2000 IECC 
$1,600 : 
$1,400 
; 
... 
___...__Duct Sealing $1,200 -,, 
!!! --_ .... __._Duct Insulation .!!! $1,000 ; 
.· 
0 ,. - • Ceiling Insulation 't:I $800 -- . .,J ~Wall Insulation 
Ill $600 0 ______. --?IE- Glazing (.) 
$400 
~ --•--Total 
$200 - -
'"' $0 
0 1000 2000 3000 4000 
Size, sqft 
Figure 6.8. Cost difference between current practice and 2000 IECC for upgrades to 
duct sealing and duct/ceiling/wall insulation for a split-JeveJ home. 
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Figure 6.9 was created by using the values from Tables 6.6-6.8. The graph shows the 
total cost difference between low efficiency homes and 2000 IECC homes for each size and 
style of home. Figure 6.10 was created by using the values from Tables 6.9-6.11 to show the 
total cost difference between current practice homes and 2000 IECC homes. As expected, it 
is more costly to upgrade the low efficiency homes as opposed to the current practice homes. 
The cost information presented in Tables 6.6-6.11 is used in several examples presented next. 
-I/) 
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Figure 6.9. Comparison of cost differences between a low energy efficiency home and a 
2000 IECC home for four sizes of houses and three home styles. 
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Figure 6.10. Comparison of cost differences between a current practice home and a 
2000 IECC home for four sizes of houses and three home styles. 
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Example: 
A homeowner in Des Moines, IA wants to build a 2000 ft2 2-story home in the year 
2002. The walls of the home are insulated with R-13 rated fiberglass blanket 
insulation, the ceiling is insulated with R-30 rated blown fiberglass insulation and the 
window U-value is 0.5 Btulh·ft2·°F. In addition, the ducts in the home are not 
insulated and the seams in the ducts are not sealed. All of the required dimensions of 
this home are found in Table 6.2. The homeowner wants to know the cost difference 
ifthe home had been built in accordance with the 2000 IECC. 
According to the 2000 IECC, the home would be required to have R-18 rated 
fiberglass blanket insulation in the walls, R-38 rated blown fiberglass insulation in the 
ceiling, windows with U-values of 0.36 Btulh·ft2·°F, and R-5 rated duct wrap 
insulation around the ducts that are located in unconditioned spaces, and all duct 
seams sealed. 
Referring to Table 6.4, the difference in cost between R-30 and R-38 rated blown 
fiberglass insulation used in ceilings is 26¢/ft2• Since the ceiling area of the 2-story 
home is 750 ft2, the cost difference to insulate the ceiling with R-38 rated insulation 
instead of R-30 rated insulation can be found in Table 6.10 under the column heading 
"Ceiling R-30 to R-38". The cost difference to upgrade the ceiling insulation is $206. 
Referring to Table 6.5, the difference in cost between R-13 and R-18 fiberglass 
blanket insulation used in walls is 7 ¢/ft.2. Since, the wall area of the 2-story home is 
1490 ft2, the difference in cost to insulate the ceiling with R-18 rated insulation 
instead of R-13 rated insulation can be found in Table 6.10 under the column heading 
"Walls R-13 to R-18". The cost difference to upgrade the wall insulation is $120. 
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Referring to Table 6.10 the difference in cost between windows with U-values of 0.5 
and 0.35 Btu/h·ft2·°F is $148. 
The installed cost for 1 Yi inch of duct wrap insulation with an R-value of 5 is 
$2.00/ft2• The duct area that needs to be insulated for this 2000 ft2 home is 98 ft2• 
Referring to Table 6.10 under the column heading "Duct Insulating", the cost to 
insulate the ducts with R-5 rated insulation is $214. 
The cost for improved duct sealing is $214, as shown in Table 6.10 under the column 
heading "Duct Sealing". 
Adding all of these costs together will result in a total cost of $956. 
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CHAPTER 7 ENERGY COST SAVINGS WITH 2000 IECC 
HOMES 
7.1 Overview 
Building homes that are energy efficient can reduce energy consumption and save a 
homeowner money, even when the added cost of building a home to higher code standards is 
considered. This section used the Energy 10 code to model different home types, styles and 
sizes to document these financial savings. The results should provide the motivation for 
homeowners and home builders to purchase and construct homes that meet 2000 IECC 
standards. 
7.2 Description of Energy 10 
Energy 10 is a software package that takes the whole-building design approach for 
designing low-energy buildings (Sustainable Buildings Industry Council 2002). It can be 
used to design buildings that are 10,000 ft2 or less, and it can be used during the early design 
phases for larger buildings. Energy 10 was developed by the building industry through a 
team of architects, engineers, builders, and utility representatives from the Sustainable 
Buildings Industry Council (SBIC), the National Renewable Energy Laboratory (NREL), 
Lawrence Berkeley National Laboratory (LBNL), and the Berkeley Solar Group (BSG). The 
Energy 10 project was funded by the Department of Energy (DOE). The software is user-
friendly and requires minimal time for a user to become proficient. 
When using Energy 10 to design a building, a "reference case building" is initially 
used to define the design building characteristics. The reference building is assigned as 
building number one; and it is initialized as a rectangular shoebox design with one or two 
thermal zones. Two thermal zones are provided for building designs where the temperature 
in one zone might be different from the other zone. Each of the two thermal zones is 
assigned a separate HVAC system, and the two HVAC systems do not need to be of the same 
type. Also, both thermal zones share a common wall. The characteristics of each of the two 
zones, such as the dimensions, wall construction, roof construction, window type, glazing to 
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wall ratio, floor type, type of building, number of floors, and thermostat temperature settings, 
can be entered into Energy 10 for the reference case. 
After all of the characteristics for the reference building (i.e., building number one), 
have been input into Energy 10, the software generates a "low energy case building" that can 
be compared to the reference case. The low energy case is assigned as building number two. 
The low energy building will have the same dimensions as the reference building, such as 
floor area, window area, wall area, and roof area, however it will have different building 
characteristics that will make the low energy building more energy efficient than the 
reference building. Examples of these building characteristics are wall construction, type of 
windows, and roof construction. 
When defining the reference case characteristics of a ranch-style, two-story, or 1-112 
story home in Energy 10, only one thermal zone was required since no other buildings, other 
than a garage, were attached to these homes. A ranch home was defined as having only one 
floor, and 2-story and 1-1/2-story homes were defined as having two floors. A split-level 
home was defined as having two thermal zones for the reference case since one part of the 
home is adjacent to the other part of the home. Thus, the model for a split-level home 
specified zone #1 with two levels, one level being a basement and second level directly 
above the basement, and zone #2 was specified with only one floor without a basement. The 
reference case characteristics for the split-level home also used two zones, and the 
characteristics for zone #2 were consistent with zone #1 because each zone required the same 
type ofHVAC system. 
After both the reference case and the low energy case were initially defined, each of 
the two buildings was modified individually. Some of the possible modifications include 
changes to the wall construction, the roof construction, the U-factor of the windows, the 
HVAC efficiency, R-value for the walls and the infiltration rate. Energy 10 also takes into 
consideration heat gains from other factors, such as electrical loads, a hot water heater, or any 
other sources of heat, while performing simulations for the two buildings. Other options 
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while entering initial characteristics of the reference building into Energy 10 include location 
of the home, fuel cost in dollars per therm, electric rate in dollars per kilowatt-hour, and 
electrical demand in dollars per kilowatt. 
After the two buildings are defined and the necessary modifications are made, Energy 
10 then performs hour-by-hour simulations for a typical year to estimate the performance of 
each of the two buildings. These simulations are performed for the two buildings based on 
weather information for the city in which the buildings reside. Data that can be retrieved 
from the simulations include annual, monthly, daily, and hourly energy use and energy cost. 
The data for energy use and energy cost is provided in the form of line graphs or bar graphs, 
where the energy use and energy cost can be compared between the reference case building 
and the low energy case building. The energy use data shows the amount of energy used for 
heating, cooling, and lighting the home. The energy cost data shows the cost for gas and 
electricity to meet all of the home energy demands. 
The major advantage of Energy 10 is that it is a comprehensive building energy 
analysis tool that accounts for all of the heating and cooling loads experienced by a building, 
with the user being allowed to define the building characteristics. In addition, the Energy 10 
model allows the user to specify the home location in order to access local weather data. 
Another major advantage of using Energy 10 is that it has been designed specifically to 
perform energy analyses on smaller buildings (i.e., less than 10,000 ft2) making it an ideal 
design tool for single-family residences. One disadvantage of Energy 10 is that it can not 
give the user a graphic display of the building, but a future version of Energy 10 will include 
a graphic input that will allow a user to draw the building on the screen. 
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7.3 Energy 10 Program Inputs 
A list of the parameters and actual values (cited parenthetically) that were input into 
Energy 10 for a 2000 ft2 ranch home built in accordance with the 2000 IECC is provided 
below. 
• Location of home (Des Moines, IA) 
• Utility rates ($0.1 O/kWh for electricity, $1.00/Therm for fuel) 
• Building use (residential) 
• HVAC system (DX cooling with gas furnace) 
• Floor area (2000 ft2) 
• Floor-to-floor height (8 ft) 
• Number of stories (1) 
• Wall construction (2 x 6 frame) 
• User-supplied R-value for the walls (R-18) 
• Roof construction (attic) 
• User-supplied R-value for the roof (R-38) 
• Floor type (basement) 
• Window type ( 4060 low-e al/b) 
• User supplied U-factor for the windows (U = 0.35) 
• Glazing to wall ratio (0.10) 
• Air infiltration rate (0.4 air changes per hour (ACH)) 
• Duct leakage to indoors (0%) 
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7.4 Energy 10 Program Outputs 
After entering the Program Inputs into Energy 10 for the home of interest, various 
outputs are provided to the user. Some of the outputs for the 2000 ft2 ranch home are listed 
below (cited parenthetically). 
• The total surface area of the home (5517.9 ft2) 
• The total volume of the home (16000 ft3) 
• Total conduction, UA, was 392.5 BTU/h-f 
• Total gross wall area (1518 ft2) 
• Total gross roof area (2000 ft2) 
• Total gross window area (240 ft2) 
• Heating thermostat temperature (70 °f) 
• Cooling thermostat temperature (78 °f) 
7.5 Operating Cost Savings 
The annual energy consumption and operating costs to heat and cool three different 
categories of homes, with varying energy efficiencies, were determined using Energy 10. By 
specifying different materials and construction techniques into Energy 10, the three 
categories of homes represent either 2000 IECC standards, current practice standards or low 
efficiency standards. The latter case, low efficiency standards, is a home that would not have 
emphasized energy conservation during initial construction. Operating costs for the three 
home categories were then used to determine the energy cost savings (i.e., gas for heating 
and electricity for cooling) to operate a 2000 IECC home compared to either a current 
practice home or a low efficiency home. 
The three categories of home construction also correspond to the categories used 
elsewhere in this report to determine material, labor, and equipment costs to build homes to 
different efficiency levels. Specifically, cost differences to upgrade homes from either 
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current practices or low efficiency to 2000 IECC standards were determined earlier for a 
range of home styles and sizes. 
The operating cost savings for the three home categories, namely 2000 IECC, current 
practice and low efficiency, were determined by Energy 10 for three home styles (ranch, 2-
story and split-level) for three home sizes, namely, 1000, 2000 and 3000 ft2• The wall type 
for each home style assumes 2 x 6 boards, and the distance between floor and ceiling is 8 ft. 
Also, all windows were assumed to be 4060 low emissivity with an aluminum base and the 
assumed door area was 45.5 ft2• As noted in Section 6, each of the home categories represent 
different levels of energy efficiency, and therefore different ceiling/wall R-values and 
window U-values were selected for each home category as shown in Table 7.1 The 
infiltration values for both windows and doors, and leakage is shown in Table 7.2 for the 
three home sizes for each home category. 
Results of the operating cost analysis for the three home categories are tabulated in 
Tables 7.3-7.5. The natural gas and electricity rates selected for the operating cost analysis 
are $1/therm and 10¢/kW·h, respectively. For example, Table 7.3 shows that annual 
operating costs for heating a 2000 ft2 ranch home varies from $1,062 for the low efficiency 
home to $720 for the 2000 IECC home. The annual operating costs for cooling the ranch 
home varies from $286 for the low efficiency home to $258 for the 2000 IECC home; clearly 
cooling costs are do not change significantly with building practice. Also noteworthy is that 
if ducts are improved for the 2-story and split-level homes, the annual heating costs reduce 
considerably. Both annual operating costs per floor area and total annual operating costs for 
other home styles, namely 2-story and split-level area also shown in Tables 7.3 and 7.4 for all 
three home categories. The total operating costs are summarized in Table 7.5 and Figs. 7.1-
7.3 for the ranch, 2-story and split-level homes, respectively. 
7 .6 Payback Periods for Implementing 2000 IECC 
The cost differences to build houses to 2000 IECC standards can also be used to 
determine a simple payback period for constructing homes to 2000 IECC standards. 
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Specifically, these cost differences can be divided by annual energy savings for a 2000 
IECCC home to determine the simple payback period (i.e., years) to construct a new home to 
2000 IECC standards. 
Table 7.6 summarizes the annual operating and material cost differences to upgrade 
low efficiency and current practice homes to 2000 IECC standards. The payback period for 
building a 2000 ft2 ranch home to 2000 IECC standards is 4.5 years for a low efficiency 
home and 4.9 years for a current practices home. Examining a 2000 ft:2 2-story home built to 
2000 IECC standards compared to low efficiency and current practice is 4.3 years and 5.5 
years, respectively. For a split-level home, the payback period for building a home to 2000 
IECC standards is 4.5 years for low efficiency standards and 5.4 for current practices. 
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Table 7.5. Total operating costs for each building practice and home style. 
Style 
Size 
Building Practice 
Total Annual 
(ft2) Operating Costs 
Low Efficiency $748 
1000 Current Practice $652 
2000 IECC $540 
Low Efficiency $1,320 
Ranch 2000 Current Practice $1, 143 
2000 IECC $952 
Low Efficiency $1,842 
3000 Current Practice $1,585 
2000 IECC $1,326 
Low Efficiency $669 
1000 Current Practice $593 
2000 IECC $483 
Low Efficiency $1,084 
2-Story 2000 Current Practice $951 
2000 IECC $777 
Low Efficiency $1,496 
3000 Current Practice $1,309 
2000 IECC $1,072 
Low Efficiency $891 
1000 Current Practice $809 
2000 IECC $685 
Low Efficiency $1,445 
Split-Level 2000 Current Practice $1,299 
2000 IECC $1,098 
Low Efficiency $1,851 
3000 Current Practice $1,640 
2000 IECC $1,384 
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Figure 7.1. Total annual operating cost versus total floor area for a ranch-style borne. 
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Figure 7.3. Total annual operating cost versus total floor area for a split-level home. 
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CHAPTER 8 CONCLUSIONS 
The objective of this project was to compare energy consumption and incremental 
building costs when single-family residential homes are built and operated according to 
different codes, namely the 2000 International Energy Conservation Code and by the 1992 
Model Energy Code or lesser. The lack of quantitative information such as energy savings 
and incremental building costs has made it difficult to mandate that Iowa builders follow 
these codes. This report has attempted to answer questions of how much energy savings can 
be achieved by implementing energy savings steps described in 2000 IECC. 
A total of 30 homes were selected for this study with 10 homes located in each of the 
three weather regions of Iowa, i.e., northern, central and southern regions. The study 
restricted the energy used by each home to natural gas for heating and electricity for cooling. 
The three basic home styles included in the study were ranch-style, 2-story and split-level/1-
112 story homes. Raw data was collected for each home through an in-home energy audit 
and utility data for natural gas and electricity for a two-year period. The raw data was 
normalized using the heating degree day data for each weather region. 
A linear relationship was determined for the natural gas consumption for one year as 
a function of the heating degree day per day. The slope of the linear line is equivalent to the 
thermal conductance, UA, which represents the energy efficiency of the building envelope. 
Thermal conductance trends were demonstrated for each home style versus parameters such 
as total floor area, wall area (above ground), window area and ceiling area. The thermal 
conductance trends indicated that heat loss was primarily a function of the geometry of the 
homes. Using multiple regression, a predicted value of UA was determined from which the 
percent error was extracted, providing 80% confidence in the experimental UA values 
determined from the raw data. 
The experimental UA values were compared to thermal conductance values for the 
prescriptive method provided in the 2000 IECC and for values calculated assuming 
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construction according to 2000 IECC. The thermal conductance values using the 2000 IECC 
method were based on R- and U-values for basement, walls, windows and ceiling 
dimensions. It was also necessary to modify the experimental UA values with the furnace 
efficiency. The thermal conductance values between the 2000 IECC method and the 
modified furnace UA values were compared in order to identify which of the 30 homes met 
the 2000 IECC standards. It was found that 16 of the 30 homes satisfied the 2000 IECC 
criteria. The results indicated that homes that met the 2000 IECC had lower UA values and 
lower natural gas costs. 
The additional cost of building homes to 2000 IECC standards compared to more 
conventional building practices (i.e., either current practices or low efficiency practices) was 
determined for a range of floor areas and for the three main home styles, namely, ranch, 2-
story and split-level. The additional costs were for materials, labor and equipment to install 
extra insulation in walls, ceilings and ducting. Costs were also considered for sealing ducts 
by using tape and for installing windows with higher U-values as specified in 2000 IECC. 
The reduced energy consumption for heating and cooling for 2000 IECC homes 
compared to homes built to lesser standards was determined for a range of home styles and 
sizes. The annual energy consumption along with annual heating and cooling loads were 
determined by using Energy 10. The models of the 2000 IECC, current practice and low 
efficiency homes were distinguished in each Energy 10 analysis by using different wall R-
values, ceiling R-values and window U-values. The cost savings of operating 2000 IECC 
homes was found by taking the various differences in annual operating costs. By dividing 
-
the additional material costs to build homes to 2000 IECC standards by the operating cost 
savings, then the simple payback period results. These payback periods varied from a low of 
4.1 years to a high of 6.4 years. 
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APPENDIX A 
UPPER LEVEL 
GRO.UND 
BASEMENT 
FURNACE 
Figure A.1. Schematic of the side view of a ranch-style home. 
93 
, ... ... 1 
(a) 
L 
ROO;M2 
.SECOND FL'OOR 
t-·-R0-,0-. M-.. -s-----------t----HALL_R_Ow_p~-.~-.. 4----------,i ] 
J 
(b) 
94 
Figure A.2. Schematic of a 2-story home for the (a) side view and (b) top view. 
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Figure A.3. Schematic of a split-level (3 levels) home for the (a) side view and (b) top 
view. 
UPPER LEVEL 
LOWER LEVEL 
GROUND 
RJRNAC.E 
Figure A.4. Schematic of the side view of a split 2-level borne. 
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Figure C.1. Energy consumption versus day for Home A-1 (ranch). 
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Figure C.2. Energy consumption versus day for Home A-2 (2-story). 
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Figure C.3. Energy consumption versus day for Home A-3 (ranch). 
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Figure C.4. Energy consumption versus day for Home A-4 (ranch}. 
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Figure C.5. Energy consumption versus day for Home A-5 (split-level). 
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Figure C.6. Energy consumption versus day for Home A-6 (ranch). 
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Figure C.7. Energy consumption versus day for Home A-7 (ranch). 
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Figure C.8. Energy consumption versus day for Home A-8 (split-level). 
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Figure C.9. Energy consumption versus day for Home A-9 (ranch). 
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Figure C.10. Energy consumption versus day for Home A-10 (1-1/2 story). 
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Figure C.11. Energy consumption versus day for Home B-1 (ranch). 
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Figure C.12. Energy consumption versus day for Home B-2 (1-1/2 story). 
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Figure C.13. Energy consumption versus day for Home B-3 (ranch). 
450.00 
400.00 
350.00 
>-
300.00 
('G 
"C ..!. 250.00 .... 
CJ' 
Ill 200.00 -::I -ca 
150.00 
100.00 
50.00 
0.00 
1 147 293 
Day 
439 585 731 
_._ Natural Gas 
-..11J-- Electric 
Figure C.14. Energy consumption versus day for Home B-4 (2-story). 
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Figure C.15. Energy consumption versus day for Home B-5 (2-story). 
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Figure C.16. Energy consumption versus day for Home B-6 (ranch). 
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Figure C.17. Energy consumption versus day for Home B-7 (split-level). 
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Figure C.18. Energy consumption versus day for Home B-8 (ranch). 
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Figure C.19. Energy consumption versus day for Home B-9 (2-story). 
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Figure C.20. Energy consumption versus day for Home B-10 (1-112 story). 
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Figure C.21. Energy consumption versus day for Home C-1 (2-story). 
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Figure C.22. Energy consumption versus day for Home C-2 (ranch). 
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Figure C.23. Energy consumption versus day for Home C-3 (ranch). 
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Figure C.24. Energy consumption versus day for Home C-4 (ranch). 
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Figure C.25. Energy consumption versus day for Home C-5 (2-story). 
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Figure C.26. Energy consumption versus day for Home C-6 (2-story). 
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Figure C.27. Energy consumption versus day for Home C-7 (ranch). 
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Figure C.28. Energy consumption versus day for Home C-8 (ranch). 
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Figure C.29. Energy consumption versus day for Home C-9 (ranch). 
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Figure C.30. Energy consumption versus day for Home C-10 (2-story). 
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Figure D.3. Natural gas versus HDD/day for a one-year period for Home A-3 (ranch). 
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Figure D.4. Natural gas versus HDD/day for a one-year period for Home A-4 (ranch). 
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Figure D.7. Natural gas versus HDD/day for a one-year period for Home A-7 (ranch). 
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Figure D.8. Natural gas versus HDD/day for a one-year period for Home A-8 (split-
level). 
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Figure D.9. Natural gas versus HDD/day for a one-year period for Home A-9 (ranch). 
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Figure D.10. Natural gas versus HDD/day for a one-year period for Home A-10 (1-1/2 
story). 
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Figure D.11. Natural gas versus HDD/day for a one-year period for Home B-1 
(ranch). 
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Figure D.12. Natural gas versus HDD/day for a one-year period for Home B-2 (1-1/2 
story). 
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Figure D.13. Natural gas versus HDD/day for a one-year period for Home B-3 
(ranch). 
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Figure D.14. Natural gas versus HDD/day for a one-year period for Home B-4 (2-
story). 
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Figure D.15. Natural gas versus HDD/day for a one-year period for Home B-5 (2-
story). 
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Figure D.16. Natural gas versus HDD/day for a one-year period for Home B-6 
(ranch). 
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Figure D.19. Natural gas versus HDD/day for a one-year period for Home B-9 (2-
story). 
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Figure D.20. Natural gas versus HDD/day for a one-year period for Home B-10 (1-1/2 
story). 
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Figure D.21. Natural gas versus HDD/day for a one-year period for Home C-1 (2-
story). 
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Figure D.22. Natural gas versus HDD/day for a one-year period for Home C-2 
(ranch). 
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Figure D.23. Natural gas versus HDD/day for a one-year period for Home C-3 
(ranch). 
50 
50000.0 ~············· ................................................................................................................................................................................................................................................................................................................................................................... . 
, - 40000.0 
..c -. 
:::l ...... 
~ 30000.0 
en 
ro 
C> 
~ 20000.0 
:::l ...... 
ro 
c 
10000.0 
y = 493.88x + 1105.7 
R2 = 0.8843 
0.0 -+--------------------~---~ 
0 10 20 30 40 
HOD/day (deg F-day/day) 
Figure D.24. Natural gas versus HDD/day for a one-year period for Home C-4 
(ranch). 
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Figure D.25. Natural gas versus HDD/day for a one-year period for Home C-5 (2-
story). 
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Figure D.26. Natural gas versus HDD/day for a one-year period for Home C-6 (2-
story). 
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Figure D.27. Natural gas versus HDD/day for a one-year period for Home C-7 
(ranch). 
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Figure D.28. Natural gas versus HDD/day for a one-year period for Home C-8 
(ranch). 
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E.1. Letter to County Engineer 
(County Engineer Name) 
(Address) 
Dear (Recipient name): 
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APPENDIXE 
I am writing to you on the recommendation of Michael Adams, Program Planner for the Iowa 
Department of Natural Resources (DNR). I am part of a research team at Iowa State University 
(ISU) that is conducting a study to address building code standards. Mr. Adams recommended you as 
an agent that would be interested in both the results of the study and residential energy consumption 
in your county. 
The Iowa State University research team, comprising of Dr. Michael Pate, Dr. Francine Battaglia and 
myself, will investigate the benefits of upgrading building codes in Iowa. The study is part of an 
initiative by the Iowa DNR under the direction of Mr. Adams. The objective of the study is to 
compare energy consumption and incremental building costs for single-family residential homes. In 
particular, homes in various regions within Iowa that were built according to building codes such as 
the 2000 International Energy Conservation Code (2000 IECC), the 1992 Model Energy Code (92 
MEC), and lessor codes. 
In our study, a number of homes in Iowa will be identified as potential homes for participation. 
Initially, homeowners will complete a short survey, enclosed herein, so that the ISU research team 
can determine whether or not a home is a suitable model for the study. In particular, the study will 
focus on homes built within the last 20 years. 
The owners of the homes chosen for the study will be asked to give written permission to allow the 
ISU research team to do an energy audit of the home, in the company and at the convenience of the 
homeowner. This audit is expected to last less than one hour. Also, with the permission of the 
homeowner, the ISU research team will obtain energy consumption information for a one year period 
from the utility companies. This information will be kept confidential within the research project. 
I would appreciate it if you would provide a list of 1to5 homeowners (names and addresses) within 
your county that might be interested in participating in the study. Each homeowner will receive a 
letter describing the study and benefits to them if they participate. If possible, please send a short list 
of names to me by May 151h. 
If you have any questions, please contact one of us from the ISU research team or Michael Adams of 
the Iowa Department of Natural Resources. On behalf of the team, thank you in advance for your 
time and consideration. 
Sincerely, 
Jeremy Cloutier 
Jeremy Cloutier, Research Assistant 
E.2. Letter to Homeowners 
(Homeowner) 
(Address) 
Dear (Recipient name): 
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I am writing to you on the recommendation of (County Engineer name), County Engineer for Adair. 
I am part of a research team at Iowa State University (ISU) that is conducting a study to address 
building code standards. Mr. Kauffman recommended you as a homeowner that may be interested in 
the results of the study. Your participation would be very minimal, as described below. 
The Iowa State University research team, comprising of Dr. Michael Pate, Dr. Francine Battaglia and 
myself, will investigate the benefits of upgrading building codes in Iowa. The study is part of an 
initiative by the Iowa DNR under the direction of Mr. Adams, Program Planner for the Iowa 
Department of Natural Resources. The objective of the study is to compare energy consumption and 
incremental building costs for single-family residential homes. 
In our study, a number of homes in Iowa will be identified as potential homes for participation. 
Initially, homeowners will complete a short survey, enclosed herein, so that the ISU research team 
can determine whether or not a home is a suitable model for the study. In particular, the study will 
focus on homes built within the last 20 years. 
The owners of the homes chosen for the study will be asked to give written permission to allow the 
ISU research team to do an energy audit of the home, in the company and at the convenience of the 
homeowner. This audit is expected to last less than one hour. Also, with the permission of the 
homeowner, the ISU research team will obtain energy consumption information for a one year period 
from the utility companies. This information will be kept confidential within the research project. In 
return for your participation, the benefits to you will be the receipt of the final results of the study and 
information on how to reduce your energy bills. 
We would greatly appreciate your participation in our study. If you are interested, please fill out the 
short survey, which should take less than 15 minutes of your time, and mail it back to us. We will 
contact you within two weeks after receipt of your survey. 
If you have any questions, please contact me at (515) 572-7722 or jerclou@iastate.edu. On behalf of 
the ISU research team, thank you in advance for your time and consideration. 
Sincerely, 
Jeremy Cloutier 
Jeremy Cloutier, Research Assistant 
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E.3. Homeowner Survey 
Department of Natural Resources/Iowa State University Energy Project 
Homeowner Survey 
City: ____________ _ State: ------
ZIP: --------
Phone: 
----------~ 
Email: -----------------
1. Approximately how old is your home? 
--------------~ 
2. How many people live in your home? ----------------
3. What style of home do you own? 
Ranch 
_Split level 
_2-Story 
Other --------------------------
4. Excluding bathrooms and hallways, how many rooms are in your home? __ _ 
5. Do you have a basement? 
Yes Is it heated? Yes No 
No Is it a crawl space? Yes No 
6. Do you have an attic? 
Yes Is it insulated? Yes No 
No 
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7. What kind of fuel do you use to heat your home? 
Natural Gas 
Oil 
_Electricity 
_Propane 
Wood 
Other 
~--------------------------
8. What is the approximate temperature your thermostat is set to during: 
Winter: 
Daytime ______ _ 
. Night-time _____ _ 
Summer: 
Daytime ______ _ 
Night-time _____ _ 
9. What kind of windows does your home have? 
_Single pane 
_Double pane 
10. Which of the following would best describe the conditions of the exterior of your 
home? 
_All windows and doors are weather stripped and caulked 
_Some windows and doors are weather stripped and caulked 
_No windows and doors are weather stripped and caulked 
_Caulking and weather-stripping needs replacing 
11. With which energy code was your home built in accordance? 
_2000 International Energy Conservation Code (2000 IECC) 
_92 Model Energy Code (92 MEC) 
Unknown 
Other 
---------------------~ 
12. What is the name of the company that built your home? 
Unknown 
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E.4. Energy Audit Authorization Form 
The purpose of the walk-through energy audit and ISU energy study has been explained to 
me by the ISU Research Team. By signing this authorization form, I am giving my 
permission for the ISU Research Team to conduct an energy audit of my home while in my 
presence. This permission is granted only for the time period of to ____ _ 
on the date of ----------------------
(Print First and Last Name) 
(Signature) (Today's Date) 
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E.5 Authorization for Access to Energy Information 
By signing this authorization form, I am giving my permission to Jeremy Cloutier from the 
ISU Research Team to obtain copies of my monthly energy bills for the years 2002 and 2003. 
It is in my understanding that this energy data will be used for the ISU energy study, but my 
name and home address will be kept anonymous. 
Name: 
Street Address: 
City, State Zip: 
Home Phone: Work Phone: 
Type of service (Natural Gas I Oil I Electricity I Propane) please circle only one 
Utility Company Name: 
Account Number: 
Meter Number: 
(Print First and Last Name) 
(Signature) (Today's Date) 
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E.6 Energy Audit Form 
Name of Homeowner: 
Street Address: 
City: 
County: 
Ref erred By: 
Time Start: _________ Finish: _________ Total: ______ _ 
I. Basement 
A. Size 
1. Floor surface area?-----------------------
2. Ceiling height? _______________________ _ 
B. Heating System 
1. Manufacturer, model, year of furnace/boiler? 
2. The seams of the furnace/boiler ducts are (Taped I Sealed )? 
Other ____________________ _ 
II. First Floor 
A. Size 
1. Floor surface area?-----------------------
2. Ceiling height?-------------------------
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B. Ventilation 
1. Return Ducts 
a) Location (Ceiling I Floor) 
b) Condition ( 1 2 3 4 5 ) 
2. Supply Ducts 
a) Location (Ceiling I Floor) 
b) Condition ( 1 2 3 4 5 ) 
3. Are the supply or return ducts blocked by furniture, rugs, drapes, etc? ( 1 2 3 4 5) 
C. Windows 
1. North 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? -------------------------
2. South 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? --------------------------
3. East 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? --------------------------
4. West 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? --------------------------
D. Room Characteristics 
1. Location:------------------------
a) Lighting (fluorescent I incandescent I other) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan (Yes I No ) 
2. Location: _______________________ _ 
a) Lighting ( fluorescent I incandescent I other) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan (Yes I No ) 
3. Location: ------------------------a) Lighting (fluorescent I incandescent I other) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan (Yes I No ) 
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4. Location: ------------------------
a) Lighting (fluorescent I incandescent I other) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan (Yes I No ) 
5. Location:------------------------
a) Lighting (fluorescent I incandescent I other) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan (Yes I No ) 
E. Doors 
1. Front 
a) Type 
_Air lock entry hall 
Double door 
Insulated storm door 
Other -------------------
b) Amount of air leakage ( 1 2 3 4 5 ) 
2. Back 
a) Type 
_Air lock entry hall 
Double door 
Insulated storm door 
Other ------------------~ 
b) Amount of air leakage ( 1 2 3 4 5 ) 
3. Other _____________________ ~ 
a) Type 
_Air lock entry hall 
Double door 
Insulated storm door 
Other ------------------~ 
b) Amount of air leakage ( 1 2 3 4 5 ) 
F. Fireplace 
Is there a fireplace? 
_Yes Does it have glass doors? _Yes _No 
No 
G. Bathroom 
1. Is there evidence of moisture? ( Yes I No ) 
2. Is there an exhaust fan? ( Yes I No ) 
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H. Temperature Control 
1. Thermostat 
a) Temperature----------------------
b) Location ______________________ _ 
c) Type ( Manual I Programmable ) 
Other----------------------
2. Is there a humidifier? ( Yes I No ) 
III. Second Floor 
A. Size 
1. Floor surface area?---------------------
2. Ceiling height? _____________________ _ 
B. Ventilation 
1. Return Ducts 
a) Location (Ceiling I Floor) 
b) Condition(l 2 3 4 5) 
2. Supply Ducts 
a) Location ( Ceiling I Floor) 
b) Condition ( 1 2 3 4 5 ) 
3. Are the supply or return ducts blocked by furniture, rugs, drapes, etc? ( 1 2 3 4 5) 
C. Windows 
1. North 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? -------------------------
2. South 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? -------------------------
3. East 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area?-------------------------
4. West 
a) Coverings (Blinds I Drapes I Nothing) 
b) Air leakage ( 1 2 3 4 5 ) 
c) Total area? -------------------------
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D. Room Characteristics 
1. Location: 
a) Lighting ( fluorescent I incandescent I other ) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan ( Yes I No ) 
2. Location: 
a) Lighting ( fluorescent I incandescent I other ) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan ( Yes I No ) 
3. Location: 
a) Lighting ( fluorescent I incandescent I other ) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan ( Yes I No ) 
4. Location: 
a) Lighting ( fluorescent I incandescent I other ) 
b) Floor ( rugs I carpet ) % covered 
c) Walls ( light I medium I dark ) 
d) Ceiling ( light I medium I dark ) 
e) Ceiling fan ( Yes I No ) 
E. Bathroom 
1. Is there evidence of moisture? ( Yes I No ) 
2. Is there an exhaust fan? ( Yes I No ) 
IV. Attic 
A. Size 
1. Floor surface area?----------------------
2. Ceiling height? ______________________ _ 
B. Insulation 
1. Is there insulation? ( Yes I No ) 
2. Type 
Blanket 
Blown 
NIA 
Other ___________________ _ 
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C. Infiltration 
Are there air leaks, broken windows, rotted boards, or other sources of cold air leaks into the attic? 
V. Outside 
Yes 
No 
Comments 
~~~~~~~~~~~~~~~~~~~~~~~~~~-
A. Cooling System 
Manufacturer, model, year of air conditioner? 
B. Infiltration 
1. Are there spaces for air leaks between the house and its foundation, broken windows, rotted 
boards or other sources of cold air leaks into the cellar or crawl space? 
Yes 
No 
2. Are cracks and joints around windows, doors, stairways, pipes, and electrical wires caulked? 
Yes 
No 
3. Is there weather stripping around the inner and outer doors? 
Yes 
No 
4. Is there weather stripping around the windows? 
Yes 
No 
5. Are cracks in walls and foundations sealed and holes plugged in? 
Yes 
No 
C. Windows 
Are there overhangs over the windows? 
North ( Yes I No ) 
South ( Yes I No ) 
East ( Yes I No ) 
West ( Yes I No ) 
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D. Outside Characteristics 
1. Is there a garage attached to the house? 
Yes Which side? ( N I S I E I W ) 
No 
2. Digital Pictures 
Number(s) _____ Location of interest ( N I S I E I W ) 
Number(s) _____ Location of interest ( N I S I E I W ) 
Number(s) ______ Location of interest ( N I S I E I W ) 
Number(s) ______ Location of interest ( N I S I E I W ) 
Number(s) ______ Location of interest ( N I S I E I W ) 
VI. Questions to ask the homeowner 
A. HV AC System 
1. Last time filter was changed? 
2. How often is the filter 
changed? _______________________ ~ 
3. Last time air-conditioner coil was cleaned? 
4. How often is the air-conditioner coil 
cleaned? ___________________ _ 
B. Other 
VII. Annotations 
5 = high energy efficiency 
3 = average energy efficiency 
1 = low energy efficiency 
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APPENDIXF 
F.1. Description of Homeowner Survey 
Each question that was asked on the homeowner survey along with the reason the question 
was asked, follows. Many of the questions were inspired by energy guide references (Energy 
Guide 2002, Rebuild America 2004). 
1. Approximately how old is your home? __________ _ 
For the purpose of this study, homes that were between two to twenty years of age were 
most desirable. The reason that homes between two to twenty years of age were desired is 
because there would have been a good chance that many of them were built in 
accordance to the 1992 MEC or the 2000 IECC. A home over twenty years of age 
probably would have not been built in accordance with the 1992 MEC or the 2000 IECC, 
or any energy code as restrictive as the 1992 MEC. Also, a home that is less than two 
years of age probably would not have enough useful energy related data necessary for 
this study. 
2. How many people live in your home?------------
This question was asked so that the number of people that live in a typical single-family 
home in Iowa could be determined. More importantly, the number of people could also 
explain why one family has a higher rate of energy consumption over another family. A 
home with a large family would probably consume more energy than a home with just a 
couple of occupants. 
3. What style of home do you own? 
Ranch 
_Split level 
_2-Story 
Other 
---------------------~ 
This question was used to determine the general trend of the type(s) of single-family 
homes in Iowa. This question also indicated the number of floors within each single-
family home. Knowing the types of homes that were used in the study, comparisons 
between homes of the same type could be made. Initially, style of home was going to 
be used as part of the selection criteria. However, because of the shortage of 
available homes that could participate in the study, style of home was not considered 
when selecting homes. 
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4. Excluding bathrooms and hallways, how many rooms are in your home? __ _ 
This question was used to determine the general trend of the number of rooms in a 
typical single-family home in Iowa and to approximate the size of each of the homes. 
5. Do you have a basement? 
Yes Is it heated? Yes No 
No Is it a crawl space? Yes No 
This question was used to determine whether or not the typical single-family home in 
Iowa has a basement, and whether or not the basement was heated. Initially, this 
question was going to be used when selecting homes for the study. However, because 
of the shortage of available homes, this question was not considered when selecting 
homes for the study. 
6. Do you have an attic? 
Yes Is it insulated? 
No 
Yes No 
This question was used to determine whether or not the typical single-family home in 
Iowa has an attic, and whether or not the attic was insulated. Initially, this question 
was going to be used when selecting homes for the study. However, because of the 
shortage of available homes, this question was not considered when selecting homes 
for the study. 
7. What kind of fuel do you use to heat your home? 
Natural Gas 
Oil 
_Electricity 
_Propane 
Wood 
Other ------------------------
This question was used when selecting homes for the study. After conducting walk-
through energy audits and receiving energy related history data for a few homes that 
used electricity or propane heating, it was found that it would be difficult to use the 
data obtained for the study. For example, there is no method to determine how much 
propane a home used in each month, and it is impossible to determine how much of 
the total electricity supplied to a home is used for heating. It was later decided to 
select for the study only those homes that used natural gas heating since natural gas 
was metered on a monthly basis. 
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8. What is the approximate temperature your thermostat is set to during: 
Winter: 
Daytime _____ _ 
Night-time ____ _ 
Summer: 
Daytime~~~~~~-
Night-time _____ _ 
This question was not considered when selecting homes for the study, but it provides 
necessary information when analyzing the data for each of the homes used in the 
study. 
9. What kind of windows does your home have? 
_Single pane 
_Double pane 
This question was not considered when selecting homes for the study, but it provides 
necessary information when analyzing the data for each of the homes used in the 
study. Out of the thirty homes that were used in the study, twenty-eight homes had 
double-pane windows, one had single-pane windows, and one had triple-pane 
windows. 
10. Which of the following would best describe the conditions of the exterior of your 
home? 
All windows and doors are weather stripped and caulked 
_Some windows and doors are weather stripped and caulked 
_No windows and doors are weather stripped and caulked 
Caulking and weather-stripping needs replacing 
This question was not considered when selecting homes for the study, but it provides 
necessary information when analyzing the data for each of the homes used in the 
study. Out of the thirty homes that were used in the study, twenty-seven homes had 
all windows and doors are weather stripped and caulked, one indicated that some 
windows and doors are weather stripped and caulked, one indicated that no windows 
and doors are weather stripped and caulked, and one indicated that caulking and 
weather-stripping needs replacing. 
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11. With which energy code was your home built in accordance? 
_2000 International Energy Conservation Code (2000 IECC) 
_92 Model Energy Code (92 MEC) 
Unknown 
Other 
~~~~~~~~~~~~~~~~~~~~-
The purpose of this question was to find out the energy code a home was built in 
accordance with. Homes built in accordance with the 2000 IECC and 1992 MEC 
were most desired for the study. Most homeowners did not know which energy code 
their homes were built in accordance with. 
12. What is the name of the company that built your home? 
Unknown 
This question was asked so that ifthe homeowner did not know the energy code with which 
their home was built in accordance, then the company that built the home could be contacted 
to find out this information. After contacting several home builders, it was found that none 
of the home builders could identify with which energy code a particular home was built. 
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F.2. Description of Energy Audit Form 
The characteristics that were noted in the audit form include the following along with the 
reason for noting the characteristic. 
The floor surface area of the basement, main level, and upper level was measured in square 
feet and was recorded in the audit form. This question was used to determine the size of each 
home and was then used for analyzing the energy performance for each home. 
Ceiling height? ______________________ _ 
The ceiling height of the basement, main level, and upper level was measured in feet and was 
recorded in the audit form. Most homes had 8 ft walls and hence 8 ft ceilings. 
Manufacturer, model, year of furnace/boiler? 
The manufacturer, model, and year of each furnace were recorded in the audit form for each 
home. This was provided so that the efficiency of the furnace could be provided by the 
manufacturer. Unfortunately, many of the furnaces did not provide a model number or year 
that it was produced, but most new furnaces that are sold today are energy efficient. 
The seams of the furnace/boiler ducts are (Taped I Sealed )? 
Other ___________________ _ 
This question was asked to find out if the seams of the furnace ducts were taped or sealed. 
This question was asked because according to the 2000 IECC the duct seams had to be sealed 
with approved duct mastic. A large majority of the homes that were audited did not have the 
duct seams taped or sealed. 
Ventilation 
Return Ducts 
Location ( Ceiling I Floor ) 
Condition ( 1 2 3 4 5 ) 
Supply Ducts 
Location ( Ceiling I Floor ) 
Condition ( 1 2 3 4 5 ) 
Are the supply or return ducts blocked by furniture, rugs, drapes, etc? ( 1 2 3 4 5 ) 
These questions were used to note the condition and location of the supply and return ducts 
in the basement, main floor, and upper level, and whether or not the ducts where blocked by 
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any surrounds, which may disrupt the air flow. A score of 5 indicated maximum energy 
efficiency and a score of 1 indicated low energy efficiency. These questions were used to 
help explain any abnormalities in the energy performance calculations. 
Windows 
North 
Coverings (Blinds I Drapes I Nothing) 
Air leakage ( 1 2 3 4 5 ) 
Total area? 
~~~~~~~~~~~~~~~~~~~~~~~~ 
This question was used to determine the size of all the windows as well as the characteristic 
of all of the windows on the north, south, east, and west side of the house on each level. A 
score of 5 indicated maximum energy efficiency and a score of 1 indicated low energy 
efficiency. This question was used to help explain any abnormalities in the energy 
performance calculations. 
Room Characteristics 
Location: 
~~~~~~~~~~~~~~~~~~~~~~~ 
Lighting ( fluorescent I incandescent I other ) 
Floor ( rugs I carpet ) % covered 
Walls ( light I medium I dark ) 
Ceiling ( light I medium I dark ) 
Ceiling fan ( Yes I No ) 
This question was used to determine the characteristic of all of the rooms on each level. In 
cases where sunlight could not infiltrate into a room, such as rooms without windows that are 
adjacent to other rooms that are windowless, the characteristics were not recorded. Usually 
these latter cases occurred in the basement. 
Doors 
Front 
Type 
_Air lock entry hall 
Double door 
Insulated storm door 
Other 
~~~~~~~~~~~~~~~~~-
Amount of air leakage ( 1 2 3 4 5 ) 
This question was used to record the characteristics of the front door, back door, and any 
other doors. A score of 5 indicated maximum energy efficiency and a score of 1 indicated 
low energy efficiency. This question was used to note any abnormalities in the energy 
perfonnance calculations. 
214 
Fireplace 
Is there a fireplace? 
Yes Does it have glass doors? _Yes _No 
No 
This question was used to record whether a home had a fireplace and the characteristics of 
the fireplace, if one existed. This question was used to note any abnormalities in the energy 
performance calculations. 
Bathroom 
Is there evidence of moisture? ( Yes I No ) 
Is there an exhaust fan? ( Yes I No ) 
This question was used to note the characteristics of all the bathrooms in the home. It was 
used to see if the home had adequate moisture removal or not. 
Temperature Control 
Thermostat 
Temperature----------------------
Location 
----------------------~ 
Type ( Manual I Programmable ) 
Other 
---------------------~ 
This question was used to note the characteristics of the thermostat, such as the type and 
location. In all cases, the location of the thermostat was relatively close to the center of the 
home. The temperature was recorded to ensure that the temperature control system was 
working properly. 
Is there a humidifier? ( Yes I No ) 
This question was used to note if a home had a humidifier or not. About half of the homes 
audited had a humidifier. This question was used to check for abnormal moisture levels in 
the home. 
Attic 
Size 
Ceiling height? ______________________ _ 
Insulation 
Is there insulation? ( Yes I No ) 
Type 
Blanket 
Blown 
NIA 
Oilier ___________________ _ 
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Infiltration 
Are there air leaks, broken windows, rotted boards, or other sources of cold air leaks into the 
attic? 
Yes 
No 
Comments 
~~~~~~~~~~~~~~~~~~~~~~~~-
These questions were used to note the characteristics of the attic, such as the size of the attic 
and the type of insulation ·Used. In all cases the size of the attic could not be determined due 
to the fact that the entry to the attics was generally closed-off. Since the attics could not be 
breached, the homeowners were asked about the type of insulation that was in their attics. In 
most cases, the attics had blown insulation that was around 12 inches deep. 
Cooling System 
Manufacturer, model, year of air conditioner? 
The manufacturer, model, and year of each air conditioner was recorded in the audit form for 
each home. This was provided so that the efficiency of the air conditioner could be provided 
by the manufacturer. Unfortunately, many of the air conditioners did not provide a model 
number or year that it was produced. 
Infiltration 
Are there spaces for air leaks between the house and its foundation, broken windows, rotted 
boards or other sources of cold air leaks into the cellar or crawl space? 
Yes 
No 
Are cracks and joints around windows, doors, stairways, pipes, and electrical wires caulked? 
Yes 
No 
Is there weather stripping around the inner and outer doors? 
Yes 
No 
Is there weather stripping around the windows? 
Yes 
No 
Are cracks in walls and foundations sealed and holes plugged in? 
Yes 
No 
These questions were used to determine if a home had outside air infiltrating into the home. 
In all cases there was no evidence of outside air infiltrating into the home. 
Windows 
Are there overhangs over the windows? 
North ( Yes I No ) 
South ( Yes I No ) 
East ( Yes I No ) 
West ( Yes I No ) 
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This question was used to determine if the home had overhangs that might block out the sun 
during the summer months. In every case, all the windows had an overhang. 
Is there a garage attached to the house? 
Yes Which side? ( N I S I E I W ) 
No 
This question was used to note if a home had an attached garage or not. If the home did have 
an attached garage, it was noted the side of the house in which the garage is located. This 
question was used to note any abnormalities in the energy performance calculations. 
Digital Pictures 
Number(s) _____ Location of interest ( N I S I E I W ) 
Digital pictures of the outside of the home where taken so that any outside characteristics that 
were not noted before can be referred back to at a later time. Some of the characteristics that 
were noted were big trees or other houses close by to the home that may shade the home or 
block any winds. In some cases it was not possible to take pictures due to the fact that the 
audit was done at night. 
Questions to ask the homeowner 
HVAC System 
Last time filter was changed? 
How often is the filter 
changed? ______________________ _ 
Last time air-conditioner coil was cleaned? 
How often is the air-conditioner coil 
cleaned? __________________ _ 
Other 
The HV AC system is the heating, venting, and air conditioning system that is composed of 
the furnace, air conditioner, and all interconnecting ducts. These questions were asked by the 
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auditor for the homeowner to answer. These questions were used to note any abnormalities 
in the energy performance calculations. 
Annotations 
5 = high energy efficiency 
3 = average energy efficiency 
1 = low energy efficiency 
These annotations were provided on the audit form to help explain to the homeowner the 
ratings that were used when characterizing certain features of the home. 
